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Sheeti

EX SITU IN TERMEDIATE SEPARATIONS ALTERNATIVE

RETRIEVAL
Waste Transport total

Onsite Truck 1.25E+04
I_ Total 1.25E+04

Construction _____ ____

Offsite Truck trips/yr km/trip yr total
concrete 04.80E+02 I .40E+02 2.0E+01 1.34E+06
raw material 4.S0E+01 8.OOE+02 2.02E+01 7.20E+05
equipmenti 2.50E+01 1 .OOE+04 2.00E+01 5.0E+06
miscellaneous 5.20E+03 1.40E+02 2.00E+01 1.46E+07
steel W-314 5.30E+01 6.002+02 4.24E+04
cement W-314 1.00E+02 1.40E+02 _ 1.40E+04 Total 2.17E+07

Offsite Rail trips/yr km/trip yr total
raw material 1.00E+01 8.00E+02 2.002+01 1.60E+05 Total 1.60E+05

Onsite Truck
Iborro W-314 1.38E+03 1.00E+01 1.38E+04 Total 1.38E+04

VITRIFICATION ___

Construction
Onsite Truck trips km/trip total

5.20E+04 1.OOE+01 5.20E+05
ITotal 5.20E+05

Offsite Truck trips km/trip total
concrete 2.90E+04 1.40E+02 4.06E+06
steel 9.50E+03 8.OOE+02 7.60E+06

________ _______ ________trips/yr km/trip yr _ ___ _____

miscellaneous 5.20E+03 1.40E+02 1.002+01 7.28E+06
Total 1.89E+07

Processing
Offsite Truck trips/yr km/trip yr total

glasaformer/chem 2.30E+01 8.00E+02 1.95E+01 3.59E+05
miscellaneous 5.20E+03 1.40E+02 1.95E+01 1.42E+07

Total 1.46E+07

Offsite Rail trips/yr km/trip yr total
_ _g-lassforrner/chem 2.60E+02 8.00E+02 1.95+01 4.06E+06

_______ ______ ______ Ttal 4.06E+06

VITRIFIED HLW TRANSPORT
Offsite Rail trips km/trip total

Yucca Mountain .70E+02 2.93E+03 4.98E+05
Total 4.98E+05

CLOSURE ___

Onsite Truck cu yd trip/cu yd km/trip total
- Tfi I I _____9.86E+05 1.00E-01 1.OOE+01 9.86E+05
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silt 6.93E+05 1.OOE-01 3.OOE+01 2.08E+06
riprap 1.05E+06 1.00E-01 3.20E+01 3.36E+06
ag/sand 7.93E+05 1.00E-01 1.00E+01 7.93E+05

Total 7.22E+06
GROUT FILL IMUST

Onsite Truck sand/gravel 2.20E+03 1.00E+01 2.20E+04 Total 2.20E+04
Offsite Truck cement 4.63E+02 1.40E+02 6.48E+04 Total 6.48E+04

Onsite Truck (km) 7.79E+06
Onsite Rail (km) 0.00E+00
Offsite Truck (km) 5.52E+07
Offsite Rail (km) 4.71E+06

EMPLOYEE VEHICLE
Retrieval person-yr trip/yr km/trip car pool total

Const. 1.06E+04 2.60E+02 1.40E+02 7.41E-01 2.86E+08
O0ps/D&D 3.74E+04 2.60E+02 1.40E+02 7.41E-01 1.01E+09

Vitrification
1Const. 1.98E+04 2.60E+02 1.40E+02 7.41E-01 5.34E+08
Ops/D&D 1.73E+04 2.60E+02 1.40E+02 7.41E-01 4.67E+08

Closure 4.90E+02 2.60E+02 1.40E+02 7.41E-01 1.32E+07
Total 2.31E+09

Distance traveled in population zones

Urban Offsite km zone fraction Onsite TOTALS
Truck 5.52E+07 5.00E-02 2.76E+06
Rail 4.71E+06 5.00E-02 2.36E+05

Suburban
Truck 5.52E+07 5.OOE-02 7.79E+06 1.05E+07
Rail 4.71E+06 5.00E-02 2.36E+05

Rural
Truck 5.52E+07 9.00E-01 4.97E+07
Rail 4.71E+06 9.00E-01 4.24E+06

Fatalities/Injuries resulting from Truck and Rail transportation accidents
urban km suburban km rural km
truck Irail truck rail truck rail
2.76E+061 2.3E+05 1.05E+07 2.36E+05 4.97E+07 4.24E+06

urban truck fat/km 7.50E-09 2.07E-021 I|I
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urban truck inj/km 3.70E-07 1.02E+00
urban rail fat/km 1.70E-08 4.01E-03
urban rail inj/km 3.30E-08 7.78E-03
sub truck fat.km 1.30E-08 1.37E-01
sub truck inj/km 3.80E-07 4.01 E+00
sub rail fat/km 1.70E-08 4.01E-03
sub rail inj/km 3.30E-08 7.78E-03
rural truck fat/km 5.30E-08 2.63E+00
rural truck inj/km 8.00E-07 3.98E+01
rural rail fat/km 1.70E-08 7.21E-02
rural rail inj/km 3.30E-08 1.40E-01

TOTAL FATALITIES 2.87E+00
TOTAL INJURIES 4.50E+01

Fatalities/injuries resulting from Employee vehicle accidents

km rate/km TOTAL
fatalities 2.31E+09 8.98E-09 2.07E+01
injuries 2.31E+09 7.14E-07 1.65E+03

Cumulative fatalities/injuries from traffic impacts

I Itransport lemployee TOTAL
FATALITIES 2.87E+001 2.07E+01 2.36E+01
INJURIES I 4.50E+01 1.65E+03 1.69E+03
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EX SITU NO SEPARATIONS ALTERNATIVE____ ___

RETRIEVAL ___ ___ _______

Waste Transport _ __ total _ ______

Onsite Truck 1.25E+04 Total 1.25E+04

mt
Construction ____

Offite Truck trips/yr km/trip yr total
concrete 4.80E+02 1.40E+02 2.OOE+01 1.34E2+06
raw material 4.50E+01 8.00E+02 2.OOE+01 7.20E+05
equipment 2.50E+01 1.00E+04 2.002+01 5.00E+06
miscellaneous 5.20E+03 1.40E+02 2.01E02+01 1 .46E+07 _______

steel W-314 5.30E+01 8.00E+02 4.24E+04_
cement/misc W-314 1.53E+02 1.40E+02 2.14E+04 Total 2.17E+07

Offsite Rail trips/yr km/trip yr total
Iraw material 1.00+01 8.00E+02 2.00E+01 1.60E+05 Total 1.60E+05

Onsite TruckI
borrow -314 1.38E+03 1.00E+01 1.382+04 Total 1.38E+04

VITRIFICATION _ ______

Construction __________

Onsite Truck trips km/trip total

111T how 2.02E+04 1.00E+01 2.022+05 Total 2.02E+05

Offsite Truck trips km/trip total
Try Cities 1.30E+04 1.40E+02 1.82E+06
Portland/Seattle 5.0E+03 8.OOE+02 _4.00+06

_I trips/yr km/trip yr
miscellaneous 5.202+03 1.40E+02 5.50E+00 4.OOE+06 Total 9.82E+06

Processing __________ ____

Offsite Truck trips/yr km/trip yr total
Portand/Seattle 5.OOE+01 8.00E+02 1.40E+01 5.60E+05
miscellaneous 5.202+03 1.40E+02 1.40E+01 1.02E+07 Total 1.08E+07

Offsite Rail trips/yr km/trtp yr total
Portland/Seattle 1.03E+02 8.OOE+02 1.40E+01 1.15E+06 Total 1.15E+06

VITRIFIED HLW TRANSPORT
Offsite Rail trips km/trip total

Yucca Mountain 2.14E+03 2.93E+03 6.27E+06 Total 6.27E+06

CLOSURE _ __

Onsite Truck cu yd trip/cu yd km/trip total

Flff!l. 9.862+05 1.OOE-01 1.OOE+01 9.86E+05 ____
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1silt 4.93E+05 1.OE-01 3.OOE+01 1.48E+06
riprap 8.35E+05 1.00E-01 3.20E+01 2.672+06

Iag/sand I 5.43E+05 1.00E-01 1.00E+01 5.43E+05 Total 5.68E+06
GROUT FILL [MUST

Onsite Truck sand/gravel 2.20E+03 1.00E+01 2.20E+04 Total 2.20E+04
Offsite Truick cement 4.63E+02 1.40E+02 6.48E+04 Total 6.48E+04

Onsite Truck (km) 5.93E+06
Onsite Rail (km) 0.00E+00
Offsite Truck (km) 4.23E+07
Offsite Rail (km) 7.58E+06

EMPLOYEE VEHICLE
Retrieval person-yr trip/yr km/trip car pool total

Const 1.06E+04 2.60E+02 1.40E+02 7.41E-01 2.86E+08
IOps 3.50E+03 2.60E+02 1.40E+02 7.41E-01 9.44E+07

Vitrification
|Const. 1.48E+04 2.60E+02 1.40E+02 7.41E-01 3.99E+08
Ops 9.78E+03 2.60E+02 1.40E+02 7.41E-01 2.64E+08

Closure 4.62E+02 2.60E+02 1.40E+02 7.41E-01 1.25E+07
total 3.91E+04 Total 1.06E+09

Distance traveled in population zones

Urban Offsite km zone fraction Onsite TOTALS
Truck 4.23E+07 5.00E-02 2.12E+06
Rail 7.58E+06 5.00E-02 3.79E+05

Suburban
Truck 4.23E+07 5.00E-02 5.93E+06 8.05E+06
Rail 7.58E+06 5.00E-02 3.79E+05

Rural
Truck 4.23E+07 9.00E-01 3.81E+07
Rail 7.58E+06 9.00E-01 6.83E+06

Fatalities/Injuries resulting from Truck and Rail transportation accidents
urban km suburban km rural km
truck rail truck rail truck rail
2.12E+06 3.79E+05 8.05E+06 3.79E+05 3.81E+07 6.83E+06

urban truck fat/km 7.50E-09 1.59E-02
urban truck inj/km 3.70E-07 7.83E-01
urban rail fat/km 1.70E-08 6.45E-03
urban rail inj/km 3.30E-08 1.25E-02
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sub truck fat.km 1.30E-08 1.05E-01
sub truck inj/km 3.80E-07 3.06E+00
sub rail fat/km 1.70E-08 6.45E-03
sub rail inj/km 3.30E-08 1.25E-02
rural truck fat/km 5.30E-08 2.02E+00
rural truck inj/km 8.00E-07 3.05E+01
rural rail fat/km 1.70E-08 1.16E-01
rural rail inj/km 3.30E-08 2.25E-01

TOTAL FATALITIES 2.27E+00
TOTAL INJURIES 3.46E+01

Fatalities/Injuries resulting from Employee vehicle accidents

km rate/km TOTAL
fatalities 1.06E+09 8.98E-09 9.48E+00
injuries 1.06E+09 7.14E-07 7.54E+02

Cumulative fatalities/injuries from traffic impacts

I_ _ Itransport employee TOTAL
FATALITIES 2.27E+00 9.48E+00 1.17E+01
INJURIES I 3.46E+01 7.54E+02 7.88E+02
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EX SITU EXTENSIVE SEPARATIONS ALTERNATIVE

RETRIEVAL
Waste Transport ______total

Onsite Truck ________ 1.25E+04 Total 1.25E+04

Construction ____

Offsite Truck trips/yr kmltrip yr total _____

co-ncrete 4.80E+02 1.40E+02 2.OOE+01 1.34E+06 __217+_

raw material K.50E+01 8-.-002+02 2.00E+01 7.20E+05 ____

_______equipmenti 2.50E+01 1.00E+04 2.002+01 5.002+06 ___ ____

miscellaneous 5.20E+03 1.40E+02 2.002+01 1.46E+07
steel W-314 5.30E+01 8.001+02 4.24E+04 1 38E+

cement/misc W-314 1.53E+02 1.40E+02 2.14E+04 Total 2.17E+07
Offsite Rail trips/yr km/trp yr total

raw ateIa 1.002+01 8.002+02 2.002+01 1.60E+05 Total 1.60E+05
Onsite Truck ____

I borrow _1.38E+03 1.OOE+01 1.38E+04 Total 1.38E+04
VITRIFICATION _ ______

Construction _____

Onsite Truck trips km/trip total

-6.10+04 1.002+01 6.10E+05 Total 6.102+05

Offsite Truck _trips km/trip total

______Tni-Cities _____2.70E+04 1.-402+02 - 3.78E+06 ____

Portland/Seattle 1.10E+04 8.OOE+02 8.80E+06

______________I trips/yr km/trip yr

_____ msclaneous 5.20E+03 1.40E+02 9.002+00 6.552+06 Total 1.91E+07

Processing _____

Offsite Truck trips/yr km/trip yr total _____

_____glassformer/chem 5,13E+02 8.00E+02 1.60E+01 6.57E+06
______miscellaneous 5.202+03 1.40E+02 1.60E+01 1.162+07 Total 1.82E+07

Otfsite Rail trips/yr km/~trip yr total
mr/che :6.37E+02 8.OOE+021 1.60E+01 8.15E+06 Total 8.1 5E+06

VITRIFIED HLW TRANSPORT _ __

Offsite Rail trips km/trip total

_____Yucca Mountain 1.002+01 0 293E2+03 2.93E+04 Total 2.93E+04

CLOSURE ___ ___

Onsite Truck cu yd trip/cu yd km/trip total _________

fill__ 9.86205 .00-0 1.002+01 9.86E+051 77=__ ____
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I silt 6.93E+051 1.OOE-01 3.00E+01 2.08E+06
riprap I 1.05E+06 1.00E-01 3.20E+01 3.36E+06
ag/sand 7.93E+05 1.00E-01 1.00E+01 7.93E+05 Total 7.22E+06

GROUT FILL IMUST
Onsite Truck sand/gravel 2.20E+03 1.00E+01 2.20E+04 Total 2.20E+04
Offsite Truck cement 4.63E+02 1.40E+02 6.48E+04 Total 6.48E+04

Onsite Truck (km) 7.88E+06
Onsite Rail (km) 0
Offsite Truck (km) 5.91E+07
Offsite Rail (km) 8.34E+06

EMPLOYEE VEHICLE
Retrieval person-yr trip/yr km/trip car pool total

Const. 1.06E+04 2.60E+02 1.40E+02 7.41E-01 2.86E+08
Ops/D&D 3.74E+04 2.60E+02 1.40E+02 7.41E-01 1.01E+09

Vitrification
Const. 2.58E+04 2.60E+02 1.40E+02 7.41E-01 6.96E+08
Ops/D&D 6.95E+03 2.60E+02 1.40E+02 7.41E-01 1.87E+08

Closure 4.90E+02 2.60E+02 1.40E+02 7.41E-01 1.32E+07
total 8.12E+04 Total 2.19E+09

Distance traveled in population zones

Urban Offsite km zone fraction Onsite TOTALS
Truck 5.91 E+07 5.00E-02 2.95E+06
Rail 8.34E+06 5.00E-02 4.17E+05

Suburban
Truck 5.91E+07 5.00E-02 7.88E+06 1.08E+07
Rail 8.34E+06 5.00E-02 4.17E+05

Rural I
Truck 5.91E+07 9.00E-01 5.32E+07
Rail 8.34E+06 9.00E-01 I 7.51E+06

Fatalities/Injuries resulting from Truck and Rail transportation accidents
urban km suburban km rural km
truck rail truck rail truck rail
2.95E+06 4.17E+05 1.08E+07 4.17E+05 5.32E+07 7.51E+06

urban truck fat/km 7.50E-09 2.22E-02
urban truck inj/km 3.70E-07. 1.09E+00
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urban rail fat/km 1.70E-08 7.09E-03
urban rail inj/km 3.30E-08 1.38E-02
sub truck fat.km 1.30E-08 1.41E-01
sub truck inj/km 3.80E-07 4.12E+00
sub rail fat/km 1.70E-08 7.OSE-03
sub rail inj/km 3.30E-08 1 .38E-02
rural truck fat/km 5.30E-08 2.82E+00
rural truck inj/km 8.OOE-07 4.26E+O1
rural rail fat/km 1.70E-08 1.28E-01
rural rail i/km 3.30E-08 2.48E-01

TOTAL FATALITIES 3.12E+00
TOTAL INJURIES 4.80E+01

Fatalities/njuries resulting from Employee vehicle accidents

km rate/km TOTAL
fatalities 2.19E+09 8.98E-09 1.97E+01
injuries 2.19E+09 7.14E-07 1.56E+03

Cumulative fatalities/injuries from traffic impacts

I_ transport employee TOTAL
FATALITIES 3.12E+00 1.97E+01 2.28E+01
INJURIES 4.80E+01 1.56E+03 1.61E+03
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IN SITU VITRIFICATION ALTERNATIVE

RETRIEVAL
Waste Transport

Onsite Truck 0.OOE+00
0Total .OOE+00

Construction - (W-314) ____

Offsite Truck trips km-trip total

5.30E+01 8.002+02 4.24E+04
cement 1.OOE+021 1.46E+02 1.40E+04
miscellaneous 5.30E+01 1.40E+02 7.42E+03

Total 6.38E+04

Onsite Truck trips km/trip total
______borrow 1____I.38E+03 1.002+01 _____1.38E+04 ____

Total 1.38.+04

VITRIFICATION ___ ___ ___ ___ ___ _ ______

Construction _________

Onsite Truck trips km/trip total
2.12E+05 1.002+01 2.12&06

Total 2.12E+06
Offsite Truck trips/yr km/trip yr total

5iclaeu .2-0+03 -1.40E+02 1.90E+01 1.38E+07 ___ ____

Total 1.38.+07
Offsite Rail cars trip/cars km/trip total

_ steel 2.60E+03 5.002-02 8.00E+02 1.04E+05
cement 1.70E+03 5.002-02 8.00E+02 6.80E+04

I Total 1.72E+05
Processing

Offsite Truck trips/yr km/trip yr total
miscellaneous 5.20E+03 1.40E+02 1.20E+01 8.74E+06 ____

Total 8.74E+06

Offsite Rail I trips/yr km/trip yr total
I4.0+00 8.00E+02 1.20E+01 3.84E+04

Total 3.84E+04
Grout Fill IMUSTs (outside tank farm areas)

Onsite Truck ____ rips km/trip Itotal ____

sand/gravel_ 7.70E+02 1.00E+01 7.70E+03 Total 7.70E+03
Offsite Truck _trips ikm/trip _total

ement +02 1.40E+02 2.24E+04 Total 2.24E+04

CLOSURE ___ ___ ___ ___ ___

Onsite Truck cu yd trip/cu yd km/trip total
F_____ 0.0iE0+00 0.00E+00 0.00+00 0.00E+00
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silt 4.93E+05 1.00E-01 3.00E+01 1.48E+06
riprap 8.34E+05 1.00E-01 3.20E+01 2.67E+06

ag/sand 5.43E+05 1.00E-01 1.OOE+01 5.43E+05
Total 4.69E+06

Onsite Truck (km) 6.83E+06
Onsite Rail (km) 0
Offsite Truck (km) 2.27E+07
Offsite Rail (km) 2.10E+05

EMPLOYEE VEHICLE
Routine person-yr trip/yr km/trip car pool total

W-314 1.83E+04 2.60E+02 1.40E+02 7.41E-01 4.94E+08
Ops 1.63E+02 2.60E+02 1.40E+02 7.41E-01 4.40E+06

Vitrification I
2.20E+04 2.60E+02 1.40E+02 7.41E-01 5.93E+08

0ps/D&D 8.05E+03 2.60E+02 1.40E+02 7.41E-01 2.17E+08
Closure 3.19E+02 2.60E+02 1.40E+02 7.41E-01 8.60E+06

Total 1.32E+09

Distance traveled in population zones

Urban Offsite km zone fraction Onsite TOTALS
Truck 2.27E+07 5.00E-02 1.13E+06
Rail 2.10E+05 5.00E-02 1.05E+04

Suburban
Truck 2.27E+07 5.00E-02 6.83E+06 7.97E+06
Rail 2.10E+05 5.00E-02 1.05E+04

Rural I
Truck 2.27E+07 9.00E-01 2.04E+07
Rail 2.10E+05 9.00E-01 I 1.89E+051

Fatalities/Injuries resulting from Truck and Rail transportation accidents
urban km suburban km rural km

truck rail truck rail truck rail
1.13E+06 1.05E+04 7.97E+06 1.05E+04 2.04E+07 1.89E+05

urban truck fat/km 7.50E-09 8.50E-03
urban truck inj/km 3.70E-07 4.19E-01 P I
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urban rail fat/km 1.70E-08 1.79E-04
urban rail inj/km 3.30E-08 3.47E-04
sub truck fat.km 1.30E-08 1.04E-01
sub truck inj/km 3.80E-07 3.03E+00
sub rail fat/km 1.70E-08 1.79E-04
sub rail inj/km 3.30E-08 3.47E-04
rural truck fat/km 5.30E-08 1.08E+00
rural truck inj/km 8.OOE-07 1.63E+01

rural rail fat/km 1.70E-08 3.22E-03
rural rail i /km 3.30E-08 6.25E-03

TOTAL FATALITIES 1.20E+00
TOTAL INJURIES 1.98E+01

Fatalities/Injuries resulting from Employee vehicle accidents

km rate/km TOTAL
fatalities 1.32E+09 8.98E-09 1.18E+01
injuries 1.32E+09 7.14E-07 9.40E+02

Cumulative fatalities/injuries from traffic impacts

I transport employee TOTAL
FATALITIES 1.20E+00 1.18E+01 1.30E+01
INJURIES 1.98E+01 9.40E+02 9.60E+02
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NO ACTION ALTERNATIVE

RETRIEVAL
Waste Transport

Onsite Truck O.OOE+00
II Total O.OOE+00

Construction
Offsite Truck trips/yr km/trip yr total

concrete O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
raw material O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00
equipment O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
miscellaneous O.0E+00 O.OOE+00 O.OOE+00 0.00E+00

Total O.OOE+00

Offsite Rail trips/yr km/trip yr total

raw material O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
Total O.OOE+00

ROUTINE
Construction

Onsite Truck trips km/trip total
OOrrow O.0E+00 O.OOE+00 O.OOE+00o

Total O.aOE+Oo
Offsite Truck trips/yr km/trip yr total

miscellaneous O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
trips km/trip

Tri-Cities | _ O.OOE+00 C.OQE+00 O.OOE+00
Portland/Seattle O.OOE+00 O.OOE+00 O.OOE+00

Total O.OOE+00

Onsite Truck (km) O.OOE+00
Onsite Rail (km) O.OOE+00
Offsite Truck (km) O.OOE+00
Offsite Rail (km) O.OOE+00

EMPLOYEE VEHICLE
Routine person-yr trip/yr km/trip car pool total

Const. O.OOE+00 O.OOE+00
Ops 1.04E+05 2.60E+02 1.40E+02 7.41E-01 2.81E+09

Total 2.81E+09

Distance traveled in population zones
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Urban Offsite km zone fraction Onsite TOTALS
Truck 0.OOE+00 5.00E-02 0.OOE+00
Rail 0.00E+00 5.00E-02 0.OOE+00

Suburban
Truck 0.00E+00 5.OOE-02 0.00E+00 0.00E+00
Rail 0.00E+00 5.00E-02 0.00E+00

Rural
Truck 0.00E+00 9.00E-01 0.00E+00
Rail 0.00E+00 9.00E-01 0.00E+00

Fatalities/Injuries resulting from Truck and Rail transportation accidents
urban km suburban km rural km
truck rail truck rail truck rail
0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00

urban truck fat/km 7.50E-09 0.00E+00
urban truck inj/km 3.70E-07 0.00E+00
urban rail fat/km 1.70E-08 0.00E+00
urban rail inj/km 3.30E-08 0.00E+00
sub truck fat.km 1.30E-08 0.00E+00
sub truck inj/km 3.80E-07 0.00E+00
sub rail fat/km 1.70E-08 0.00E+00
sub rail inj/km 3.30E-08 0.00E+00
rural truck fat/km 5.30E-08 0.00E+00
rural truck inj/km 8.00E-07 0.00E+00
rural rail fat/km 1.70E-08 0.00E+00
rural rail inj/km 3.30E-08 0.00E+00

TOTAL FATALITIES 0.00E+00
|TOTAL INJURIES 0.00E+00

W I I
Fatalities/Injuries resulting from Employee vehicle accidents

km rate/km TOTAL
fatalities 2.81E+09 8.98E-09| 2.52E+01
injuries 2.81E+09 7.14E-07 2.00E+03
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Cumulative fatalities/injuries from traffic impacts ___________________

I transport jemployee TOTAL
FATALITIES O.OOE+OO 2.52E+01 2.52E+
INJURIES O.OOE+0O 2.OOE+03 2.OOE+
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ONSITE DRY STORAGE ALTERNATIVE

ROUTINE
Construction

Onsite Truck trips km/trip total
borrow 1.00E+02 1.00E+01 1.00E+03

Total 1.00E+03

Offsite Truck trips km/trip total
encasement pipe 1.40E+01 8.00E+02 1.12E+04
WESF modification 2.OOE+02 1.40E+02 2.80E+04

Total 3.92E+04

Capsule Transport
Onsite Truck trips km/trip total

to dry storage 1.84E+02 3.20E+01 5.89E+03
Total 5.89E+03

Onsite Truck (km) 6.89E+03
Onsite Rail (km) o.oOE+00
Offsite Truck (km) 3.92E+04
Offsite Rail (km) O.OOE+00

EMPLOYEE VEHICLE
Routine person-yr trip/yr km/trip car pool total

Const. 2.10E+02 2.60E+02 1.40E+02 7.41E-01 5.66E+06
Packaging 1.94E+02 2.60E+02 1.40E+02 7.41E-01 5.23E+06
Storage 8.90E+02 2.60E+02 1.40E+02 7.41E-01 2.40E+07

Total 3.49E+07

Distance traveled in population zones

Urban Offsite km zone fraction Onsite TOTALS
Truck 3.92E+04 5.OOE-02 1.96E+03
Rail O.OOE+00 5.OOE-02 O.OOE+00

Suburban
Truck 3.92E+04 5.OOE-02 6.89E+03 8.85E+03
Rail O.OOE+00 5.OOE-02 O.OOE+00

Rural.
Truck 3.92E+04 9.OOE-01 3.53E+04
I Rail I O.OOE+00 9.OOE-01 I O.OOE+00
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Fatalities/Injuries resulting from Truck and Rail transportation accidents
urban km suburban km rural km
truck rail truck rail truck rail
1.96E+03 O.OOE+00 8.85E+03 0.00E+00 3.53E+04 0.00E+00

urban truck fat/km 7.50E-09 1.47E-05
urban truck inj/km 3.70E-07 7.25E-04
urban rail fat/km 1.70E-08| 0.OOE+00
urban rail inj/km 3.30E-08 0.00E+00
sub truck fat.km 1.30E-08 1.15E-04
sub truck inj/km 3.80E-07 3.36E-03
sub rail fat/km 1.70E-08 0.00E+00
sub rail inj/km 3.30E-08 0.00E+00
rural truck fat/km 5.30E-08 1.87E-03
rural truck inj/km 8.00E-07 2.82E-02
rural rail fat/km 1.70E-08 0.00E+00
rural rail inj/km 3.30E-08 0.00E+00

TOTAL FATALITIES 2.OOE-03
TOTAL INJURIES 3.23E-02

Fatalities/injuries resulting from Employee vehicle accidents

km rate/km TOTAL
fatalities 3.49E+07 8.98E-09 3.13E-01
injuries 3.49E+07 7.14E-07 2.49E+01

Cumulative fatalities/injuries from traffic impacts

I transport employee 'TOTAL
FATALITIES 2.OOE-03 3.13E-01 3.15E-01
INJURIES 3.23E-021 2.49E+01 2.50E+01
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OVERPACK AND SHIP ALTERNATIVE

ROUTINE
Construction

Onsite Truck trips km/trip total
borrow O.OOE+00 O.OOE+00 O.OOE+00

Total O.OOE+00

Offsite Truck trips km/trip total
encasement pipe O.OOE+00 O.OOE+00 O.OOE+00
WESF modification 2.OOE+02 1.40E+02 2.80E+04

Total 2.80E+04

Capsule Transport
Offsite Rail trips km/trip total

Yucca 5.OOE+00 2.93E+03 1.47E+04
Total 1.47E+04

Onsite Truck (km) C.OOE+00
Onsite Rail (km) O.OOE+00
Offsite Truck (km) 2.80E+04
Offsite Rail (km) 1.47E+04

EMPLOYEE VEHICLE
Routine person-yr trip/yr km/trip car pool total

Const. 1.00E+02 2.60E+02 1.40E+02 7.41E-01 2.70E+06
Packaging 5.10E+01 2.60E+02 1.40E+02 7.41E-01 1.38E+06
Storage 9.OOE+01 2.60E+02 1.40E+02 7.41E-01 2.43E+06

_______ ______________Total 6.50E+06

Distance traveled in population zones

Urban Offsite km zone fraction Onsite TOTALS
Truck 2.80E+04 5.OOE-02 1.40E+03
Rail 1.47E+04 5.OOE-02 7.33E+02

Suburban
Truck 2.80E+04 5.OOE-02 0.00E+00 1.40E+03
Rail 1.47E+04 5.OOE-02 7.33E+02

Rural
Truck 2.80E+04 9.OOE-01 2.52E+04
Rail 1.47E+04 9.OOE-01 1.32E+04
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Fatalities/Injuries resulting from Truck and Rail transportation accidents
urban km suburban km rural km
truck rail truck Irail truck rail
1.40E+03 7.33E+02 1.40E+03 7.33E+02 2.52E+04 1.32E+04

urban truck fat/km 7.50E-09 1.05E-05
urban truck inj/km 3.70E-07 5.18E-04
urban rail fat/km 1.70E-08 1.25E-05
urban rail inj/km 3.30E-08 2.42E-05
sub truck fat.km 1.30E-08 1.82E-05
sub truck inj/km 3.80E-07 5.32E-04
sub rail fat/km 1.70E-08 1.25E-05
sub rail inj/km 3.30E-08 2.42E-05
rural truck fat/km 5.30E-08 1.34E-03
rural truck inj/km 8.OOE-07 2.02E-02
rural rail fattkm 1.70E-08 2.24E-04
rural rail inj/km 3.30E-08 4.35E-04

TOTAL FATALITIES 1.61E-031
TOTAL INJURIES 2.17E-02 _

Fatalities/Injuries resulting from Employee vehicle accidents

km rate/km TOTAL
fatalities 6.50E+06 8.98E-09 5.84E-02
injuries 6.50E+06 7.14E-07 4.64E+00

Cumulative fatalities/injuries from traffic impacts

I Itransport lemployee TOTAL
FATALITIES 1.61E-03| 5.84E-02 6.OOE-02

_____ INJURIES 2.17E-021 4.64E+00 4.66E+00
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VITRIFY WITH TANK WASTE ALTERNATIVE

ROUTINE
Construction

Onsite Truck trips km/trip total
borrow 0.00E+00 0.00E+00 0.OOE+00

Total 0.OOE+00

Offsite Truck trips km/trip total
encasement pipe 0.00E+00 0.00E+00 0.00E+00
WESF modification 2.00E+02 1.40E+02 2.80E+04

Total 2.80E+04

Capsule Transport
Onsite Truck trips km/trip total

to vitrification plant 1.84E+02 3.20E+01 5.89E+03
Total 5.89E+03

Onsite Truck (km) 5.89E+03
Onsite Rail (km) 0.002+00
Offsite Truck (km) 2.80E+04
Offsite Rail (km) 0.00E+00

EMPLOYEE VEHICLE
Routine person-yr trip/yr km/trip car pool total

Const. 1.00E+02 2.60E+02 1.40E+02 7.41E-01 2.70E+06
Packaging 5.10E+01 2.60E+02 1.40E+02 7.41E-01 1.38E+06
Storage 9.00E+01 2.60E+02 1.40E+02 7.41E-01 2.43E+06

Total 6.50E+06

Distance traveled in population zones

Urban Offsite km zone fraction Onsite TOTALS
Truck 2.80E+04 5.00E-02 1.40E+03
Rail 0.00E+00 5.00E-02 0.00E+00

Suburban
Truck 2.80E+04 5.00E-02 0.00E+00 1.40E+03
Rail 0.00E+00 5.OOE-02 0.00E+00

Rural
Truck 2.80E+04 9.00E-01 2.52E+04
Rail 0.00E+00 9.00E-01 0.00E+00
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Fatalities/injuries resulting from Truck and Rail transportation accidents
urban km suburban km rural km
truck rail truck rail truck rail
1.40E+03 0.00E+00 1.40E+03 0.00E+00 2.52E+04 O.00E+00

urban truck fat/km 7.50E-09 1.05E-05
urban truck inj/km 3.70E-07 5.18E-04
urban rail fat/km 1.70E-08 0.OOE+00
urban rail inj/km 3.30E-08 0.OOE+00
sub truck fat.km 1.30E-08 1.82E-05
sub truck inj/km 3.80E-07 5.32E-04
sub rail fat/km 1.70E-08 0.OOE+00
sub rail inOk 3.30E-08 O.00E+00
rural truck fat/km 5.30E-08 1.34E-03
rural truck inj/kmn 8.OE-07 2.02E-02
rural rail fattkm 1.70E-08 0.0 E+00
rural rail in/km 3.30E-08 0.00E+00

TOTAL FATALITIES 1.36E-03
TOTAL INJURIES 2.12E-02

Fatalities/injuries resulting from Employee vehicle accidents

km rate/km TOTAL
fatalities 6.50E+06 8.98E-09 5.84E-02
injuries 6.50E+06 7.14E-07 4.64E+00

Cumulative fatalities/injuries from traffic impacts

I_ _ Itransport employee TOTAL
FATALITIES 1.36E-03 5.84E-02 5.97E-02
INJURIES 2.12E-02 4.64E+00 4.66E+00
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IN SITU FILL AN D CAP

Construction - (W-314) ____

Offsite Truck trips km/trip total

_ ste-el 5.30E+01 8.002+02 _4.24E+04

ce-ment 1.00E+02 1.40E+02 _____1.40E+04 ____

______ miscellaneou-s 5.30E+01 1.40E+02 7.42E+03
Total 6.38E+04

Onsite Truck trips km/trip yr Itotal ____ _____

borrow 1.38E+03 1.00E+01 1.38E+04
Total 1 .38E+04

Grout Fill IMUSTs ____

Construction ____

Onsite Truck trips km/trip total
sand/gravel 2.20E+03 1.00E+01 2.20E+04 2.20E+04

Total 2.20E+04

Offsite Truck trips kmltrip total
cement _4.63E+02 1.40E+02 6.48E+04
Portland/Seattle 0.OO+0 0.E+00 O.00E+0C

______I ______trips/yr kmn/trip yr
miscellaneous 0.002+00 00+00 0.00E+00 0.002+00

Total 6.48E+04

Processing _____

Offsite Truck trips/yr km/trip yr total
glassformer/chem 0.002+001 0.002+00 0.00+00 0.00+00
miscellaneous 0.00E+00 0.002+00 0.002+00 0.00E+00

Total 0.00E+00

Oftaite Rail trips/yr jkm/trip yr total _____

Vota

glassformer/chem 0.002+001 0.00E+00 0.002+00 0.002+00
Total 0.00E+00

VITRIFIED HLW TRANSPORT
Offit Riltrips km/trip total

-Y-ucca mountain 0.002+001 0.002+00 0.002+00
Total 0.002+00

CLOSURE _ __

Onsite Truck cu yd trip/cu yd k total _

Z II ~fti I 9.03E+05 1E02-01 1.00E+01 9.03E+05
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silt 4.93E+05 1.00E-01 3.OOE+01 1.48E+06

riprap 8.34E+05 1.OOE-01 3.20E+01 2.67E+06
ag/sand ___ 5.43E+05 1 .O0E-01 1.00E+01 5.43E+05

Total 5.59E+06

Onsite Truck (km) 5.63E+06
Onsite Rail (km) 0
Offsite Truck (km) 1.29E+05
Offsite Rail (km) O.OOE+00

EMPLOYEE VEHICLE
Routine Iperson-yr trip/yr km/trip car pool total

W-314 I 1.63E+02 2.60E+02 1.40E+02 7.41E-01 4.40E+06
Ops/D&D I 2.39E+04 2.60E+02 1.40E+02 7.41E-01 6.45E+08

Fill Tanks with Gravel
Const. 9.50E+01 2.60E+02 1.40E+02 7.41E-01 2.56E+06
Ops/D&D 1.51E+03 2.60E+02 1.40E+02 7.41E-01 4.07E+07

Closure 4.67E+02 2.60E+02 i.40E+02 7.41E-01 1.26E+07Itotal 2.61 E+04 Total 7.05E+08

Distance traveled in population zones

Urban Offsite km zone fraction Onsite TOTALS
Truck 1.29E+05 5.OOE-02 6.43E+03
Rail 0.00E+00 5.OOE-02 O.OOE+00

Suburban
Truck 1.29E+05 5.OOE-02 5.63E+06 5.64E+06
Rail O.OOE+00 5.OOE-02 O.OOE+00

Rural
Truck 1.29E+05 9.OOE-01 1.16E+05
Rail 0.00E+00 9.OOE-01 0.OOE+00

Fatalities/Injuries resulting from Truck and Rail transportation accidents
urban km suburban km rural km

truck rail truck rail truck rail

6.43E+03 0.OOE+00 5.64E+06 0.OOE+00 1.16E+05 0.OOE+00
urban truck fat/km 7.50E-09 4.82E-051

,urban truck inj/km 3.70E-07 2.38E-031
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urban rail fat/km 1.70E-08 O.OOE+00
urban rail inj/km 3.30E-08 O.COE+00
sub truck fat.km 1.30E-08 7.33E-02
sub truck inj/km 3.80E-07 2.14E+00
sub rail fat/km 1.70E-08 O.OOE+00
sub rail inj/km 3.30E-08 O.OOE+00
rural truck fat/km 5.30E-08 6.14E-03
rural truck inj/km 8.00E-07 9.26E-02
rural rail fat/km 170E-08 O.OOE+00
rural rail inj/km 3.30E-08 O.OOE+00

TOTAL FATALITIES 7.95E-02
TOTAL INJURIES 2.24E+00

Fatalities/Injuries resulting from Employee vehicle accidents

km rate/km TOTAL
fatalities 7.05E+08 8.9BE-09 6.33E+00
injuries 7.05E+08 7.14E-07 5.03E+02

Cumulative fatalities/injuries from traffic impacts

I__ Itransport employee TOTAL
FATALITIES 7.95E-021 6.33E+00 6.41E+00
INJURIES 2.24E+001 5.03E+02 5.06E+02
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EX ST OBNTO

RETRIEVAL
Waste Transport total _________

Onsite Truck 0.002+00 ___ ____

Construction
Offsite Truck __ _trips/yr km/trip yr total

________ concrete I___ _ 2.40E+021 1.40E+02 2.00E+01 6.72E+05
____ raw material 2.25E+01 8.00E+02 2.00E+01 3.60E+05
_______ equipmentl 1.25E+01 1.0E+04 2.OOE+01 2.50E+06

_______miscellaneous 2.60E+03 1.40E+02 2.002+01 7.28E+06 ____ ____

______steel W-314 .-3-0+01 8.002+02 4.24E+04 ___ ____

cement/misc W-314 1.53E+02 1.40E+02 2.14E+04 Total 1.09E+07
Offsite Rail trips/yr km/trip yr itotal

rawmaterial 5.00+00 8.00E+02 2.00E+01 8.002+04 Total 8.002+04
Onsite Truck

borrow W-314 1.38E+031 1.E0+01 1.38E+04 Total 1.38E+04
VITRIFICATION

Construction
Onsite Truck trips km/trip total

borrow 2.60E+04 1.002+01 ________ 2.60E+05 Total 2.60E+05

Offsite Truck trips kmltdp total
concrete 1.45E+04 1.40E+02 2.03E+06
steel 4.75E+03 8.00E+02 3.80E+06

trips/yr km/trip yr
miscellaneous 2.602+03 1.402+02 1.002+01 3.64E+06 Total 9.47E+06

Processing
Offsite Truck Jtripslyr km/trip yr total

glassformer/chemn 1.15E+01 8.00E+02 1.95E+01 1.79E+05
miscellaneous 2.60E+03 1.40E+02 1.95E+01 7.10E+06 Total 7.28E+06

Offsite Rail trips/yr km/trip yr total
Sglassformer/chem 1.302+02 8.002+02 1.95E+01 2.03E+06 Total 2.03E+06

VITRIFIED HLW TRANSPORT
OfsteRi trips km/trip total ____

Yucca Mountain 8.50E+01 2.93E+03 2.49E+05 Total 2.49E+05

CLOSURE
Onsite Truck c yd km/trip total _

1ill I 9.36E+05 1.0-01 I 1.00E+01 9.36E+05 _
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silt 5.76E+05 1.00E-01 3.00E+01 1.73E+06
Iriprap 9.21E+05 1.00E-01 3.20E+01 2.95E+06
lag/sand 6.43E+05 1.00E-01 1.00E+01 6.43E+05 Total 6.25E+06

GROUT FILL IMUST
Onsite Truck sand/gravel 2.20E+03 1.00E+01 2.20E+04 Total 2.20E+04
Offsite Truck cement 4.63E+02 1.40E+02 6.48E+04 Total 6.48E+04

Onsite Truck (km) 6.55E+06
Onsite Rail (km) 0.00E+00
Offsite Truck (km) 2.77E+07
Offsite Rail (km) 2.36E+06

EMPLOYEE VEHICLE
Retrieval person-yr trip/yr km/trip car pool total

Const 6.36E+03 2.60E+02 1.40E+02 7.41E-01 1.72E+08
O1ps/D&D 2.24E+04 2.60E+02 1.40E+02 7.41E-01 6.04E+08

Vitrification
Const. 1.19E+04 2.60E+02 1.40E+02 7.41E-01 3.21E+08
Ops/D&D 1.04E+04 2.60E+02 1.40E+02 7.41E-01 2.81E+08

Fill tank
Const. 5.70E+01 2.60E+02 1.40E+02 7.41E-01 1.54E+06.
Ops/D&D 1.80E+03 2.60E+02 1.40E+02 7.41 E-01 4.86E+071

Closure 5.74E+02 2.60E+02 1.40E+02 7.41E-01 1.55E+07 I I
ITotal 1.44E+09

Distance traveled in population zones

Urban Offsite km zone fraction Onsite TOTALS
Truck 2.77E+07 5.00E-02 1.38E+06
Rail 2.36E+06 5.00E-02 1.18E+05

Suburban
Truck 2.77E+07 5.00E-02 6.55E+06 7.93E+06
Rail 2.36E+06 5.00E-02 1.18E+05

Rural
Truck 2.77E+07 9.00E-01 2.49E+07
Rail 2.36E+06 9.00E-01 2.12E+06

Fatalities/injuries resulting from Truck and Rail transportation accidents I
urban km suburban km rural km
truck rail truck rail truck rail
I 1.38E+06 1.18E+05 7.93E+06 1.18E+05 2.49E+07 2.12E+06

urban truck at/km 7.50E-09 1.04E-02 I I I
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urban truck inj/km 3.70E-07 5.12E-01
urban rail fat/km 1.70E-08 2.OOE-03
urban rail inj/km 3.30E-08 3.89E-03
sub truck fat.km 1 .30E-08 1.03E-01
sub truck inj/km 3.80E-07 3.02E+00
sub rail fat/km 1.70E-08 2.OOE-03
sub rail inj/km 3.30E-08 3.89E-03
rural truck fat/km 5.30E-08 1.32E+00
rural truck inj/km 8.OOE-07 1.99E+01
rural rail fat/km 1.70E-08 3.61 E-02
rural rail inj/km 3.30E-08 7.OOE-02

TOTAL FATALITIES 1.47E+00
TOTAL INJURIES 2.35E+01

Fatalities/Injuries resulting from Employee vehicle accidents

km rate/km TOTAL
fatalities 1.44E+09 8.98E-09 1.30E+01
injuries 1.44E+09 7.14E-07 1.03E+03

Cumulative fatalities/injuries from traffic impacts

I_ Itransport lemployee TOTAL
FATALITIES I 1.47E+001 1.30E+01 1.44E+01
INJURIES 2.35E+01I 1.03E+03 1.05E+03
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LONG-TERM MANAGEMENT ALTERNATIVE

RETRIEVAL
Waste Transport

Onsite Truck O.OOE+00
T - _Total O.OOE+00

Construction
Offsite Truck j trips/yr km/trip yr total

concrete 0.00E+00 O.OOE+00 O.OOE+00 O.OOE+00
raw material 0.00E+00 f.OOE+00 O.OOE+00 O.OOE+00
equipment[ O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
miscellaneous O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00

________Total O.OOE+OO

Offsite Rail I trips/yr km/trip yr |total
raw material O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

Total O.OOE+00

ROUTINE
Construction

Onsite Truck trips km/trip total
borrow 3.24E+04 1.00E+01 3.24E+05

Total 3.24E+05
Offsite Truck trips/yr km/trip yr total

miscellaneous 5.20E+03 1.40E+02 1.90E+01 1.38E+07
trips km/trip

Tri-Cities 2.01E+04 1.40E+02 2.81E+06
Portland/Seattle 7.75E+03 8.00E+02 6.20E+06

Total 2.28E+07

Onsite Truck (km) 3.24E+05
Onsite Rail (km) 0.00E+00
Offsite Truck (km) 2.28E+07
Offsite Rail (km) 0.00E+00

EMPLOYEE VEHICLE
Routine person-yr trip/yr km/trip car pool total

Const. 3.75E+03 2.60E+02 1.40E+02 7.41E-01 1.01E+08
Ops 1.04E+05 2.60E+02 1.40E+02 7.41E-01 2.81E+09 ___2.1E0

Total 2.91 E+O9
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Distance traveled in population zones

Urban Offsite km zone fraction Onsite TOTALS
Truck 2.28E+07 5.OOE-02 1.14E+06
Rail 0.OOE+00 5.OOE-02 0.OOE+00

Suburban
Truck 2.28E+07 5.00E-02 3.24E+05 1.47E+06
Rail 0.00E+00 5.00E-02 0.OOE+00

Rural
Truck 2.28E+07 9.OOE-01 2.06E+07
Rail 0.OOE+00 9.00E-01 0.OOE+00

Fatalities/Injuries resulting from Truck and Rail transportation accidents
urban km suburban km rural km
truck rail truck rail truck rail
1.14E+06 0.00E+00 1.47E+06 0.OOE+00 2.06E+07 0.00E+00

urban truck fat/km 7.50E-09 8.57E-03
urban truck inj/km 3.70E-07 4.23E-01
urban rail fat/km 1.70E-08 0.OOE+00
urban rail inj/km 3.30E-08 0.00E+00
sub truck fat.km 1.30E-08 1.91E-02
sub truck inj/km 3.80E-07 5.57E-01
sub rail fat/km 1.70E-08 0.OOE+00
sub rail inj/km 3.30E-08 0.00E+00
rural truck fat/km 5.30E-08 1.09E+00
rural truck inj/km 8.00E-07 1.64E+01
rural rail fat/km 1.70E-08 0.00E+00
rural rail inj/km 3.30E-08 0.00E+00

TOTAL FATALITIES 1.12E+00
TOTAL INJURIES 1.74E+01

Fatalities/Injuries resulting from Employee vehicle accidents

km rate/km TOTAL
fatalities 2.91E+09 8.98E-09 2.61E+01
injuries 2.91E+09 7.14E-07 2.08E+03
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Cumulative fatalities/injuries from traffic impacts ___________________

I Itransport employee TOTAL
FATALITIES 1.12E+00 2.61E+01 2.72E+01
INJURIES 1.74E+O11 2.08E+03 2.09E+03
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I
TOTAL ALTERNATIVE

RETRIEVAL _______

Waste Transport _________ ____total

Onsite Truck ___1.25E+04 Total 1.25E+04

Construction _____ ____

Osite Truck _trips/yr kmltrip yr total
_ concrete 4.80E+02 1.40E+02 2.OOE+01 1.34E+06

aw material 4.50E+01 8.OOE+02 2.OOE+01 7.20E+05
equipment 2.50E+01 1.00E+04 2.OOE+01 5.002+06
miscellaneous 5.20E+03 1.40E+02 2.00E+01 1.46E+07
borrow (W-314) 1.38E+031 1.0E+01 1.38E+04 Total 2.16E+07

Offs Rai 1  trips/yr km/trip yr total
I raw material 1.00E+01 8.002+02 2.00E+01 1.60E+05
steel (W-314) 5.30E+01 8.002+02 4.24E+04
I cement (W-314) 1.OOE+02 1.402+02 1.40E+04 Total 2.16E+05

VITRIFICATION _ ______

Construction ___ ____

Onsite Truck _trips km/trip total
:: I _w 2.80E+041 1.002+01 2.80E+05 Total 2.80E+05

Offsite Truck _ _trips kmtrip total
concrete _1.57E+04 1.40E+02 2.20E+06
steel _____1.21E+03 8.00E+02 9.68E+05
miscellaneous 2.92E+04 1.40E+02 4.09E+06 Total 7.25E+06

Processing
Offsite Truck ____ trips km/trip total

_ glassformer/chem 3.72E+03 8.OOE+02 2.98E+06
miscellaneous 1.03E+05 1.402+02 1.44E+07
process material 3.57E+031 1.40E+02 5.002+05 Total 1.79E+07

___ _g-lassformer/chem 2.75E+03 8.002+02 2.20E+06 Total 2.20E+06

VITRIFIED HLW TRANSPORT _ __

Offsite Rail trips km/trip total
Yucca Mountain 1.70E+02 2.93E+03 4.982+05 Total 4.98E+05

CLOSURE I
Onsite Truck cu yd trip/cu yd km/trip total

9.86E+05 1.00E-01 1.OOE+01 I 9.862+05
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silt 6.93E+05 1.00E-01 3.00E+01 2.08E+06
riprap 1.05E+06 1.00E-01 3.20E+01 3.36E+06
ag/sand 7.93E+05 1.OE-01 1.OOE+01 7.93E+05
grout fill sand IMUST 2.20E+03 1.00E+01 2.20E+04 Total 7.24E+06

Offsite Truck trips km/trip total
1groutfill cement IMUS 4.63E+02 1.40E+02 6.48E+04 Total 6.48E+04

Onsite Truck (km) 7.53E+06
Onsite Rail (km) 0.00E+00
Offsite Truck (km) 4.69E+07
Offsite Rail (km) 2.91E+06

EMPLOYEE VEHICLE
Phase 1 person-yr trip/yr km/trip car pool total

Const. 1.16E+04 2.60E+02 1.40E+02 7.41E-01 3.13E+08
Jpps/D&D 6.77E+03 2.60E+02 1.40E+02 7.41E-01 1.83E+08

Phase 2
Const. 1.98E+04 2.60E+02 1.40E+02 7.41E-01 5.34E+08
Ops/D&D 4.33E+04 2.60E+02 1.40E+02 7.41E-01 1.17E+09

Total 2.20E+09

Distance traveled in population zones

Urban |Offsite km zone fraction Onsite TOTALS
Truck 4.69E+07 5.00E-02 2.34E+06
Rail 2.91E+06 5.00E-02 1.46E+05

Suburban
Truck 4.69E+07 5.00E-02 7.53E+06 9.88E+06
Rail 2.91E+06 5.00E-02 1.46E+05

Rural
Truck 4.69E+07 9.00E-01 4.22E+07
Rail 2.91E+06 9.00E-01 2.62E+06

Fatalities/Injuries resulting from Truck and Rail transportation accidents
urban km suburban km rural km
truck Irail truck rail truck rail
2.34E+061 1.46E+05 9.88E+06 1.46E+05 4.22E+07 2.62E+06

urban truck fat/km 7.50E-09 1.76E-021 I I|I
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urban truck inj/km 3.70E-07 8.67E-01
urban rail fat/km 1 .70E-08 2.48E-03
urban rail inj/km 3.30E-08 4.81 E-03
sub truck fat.km 1.30E-08 1.28E-01
sub truck inj/km 3.80E-07 3.75E+00
sub rail fat/km 1.70E-08 2.48E-03
sub rail inj/km 3.30E-08 4.81E-03
rural truck fat/km 5.30E-08 2.23E+00
rural truck inj/km 8.OOE-07 3.37E+01
rural rail fat/km 1.70E-08 4.46E-02
rural rail inj/km 3.30E-08 8.66E-02

TOTAL FATALITIES 2.43E+00
TOTAL INJURIES 3.84E+01

Fatalities/injuries resulting from Employee vehicle accidents

km rate/km TOTAL
fatalities 2.20E+09 8.9BE-09 1.97E+01
injuries 2.20E+09 7.14E-07 1.57E+03

Cumulative fatalities/injuries from traffic impacts

_ I_ transport employee TOTAL
FATALITIES 2.43E+00 1.97E+01 2.22E+01
INJURIES 3.84E+01| 1.57E+03 1.61E+03
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______PHASE I IMPLEMENTATIONSUB-ALTERNATIVE

RETRIEVAL

WASTE TRANSFER SYSTEM UPGRADE (W-314)
Onsite Truck trips km/trp total

[bo1rrow 1.38E+03 1.OOE+OO 1.38E+03 Total 138E+0

Offaite Truck
steel 5.30E+01 8.OOE+02 4.24E+04
cement 1.OOE+02 1.40E+02 1.40E+04 Total 5.64E+04

VITRIFICATION
Construction

Onsite Truck trips km/trip total
m orw 1.GE+03 1.OOE+O1 1.96E+04 Total 1.96E+04

Offsite Truck trips km/trip total
concrete 1.20E+03 1.40E+02 1.68E+05
steel 7.32E+03 8.OOE+02 5.86E+06
miscellaneous 3.18E+03 i.40E+02 4.45E+05 Total 6.47E+06

Processing
Offsite Truck trips km/trip total

glassformer/chem 3.50E+03 8.OOE+02 2.80E+06
glasaformer/chem 3.57E+03 1.40E+02 5.OOE+O5
miscellaneous 5.20E+04 1.40E+02 7.28E06 Total 1.06E+07

Offsite Rail trips km/trip total
__ g-lassformer/chem 2.18E+02 8.OOE+02 1.74E+05 Total 1.74E+05

VITRIFIED HLW TRANSPORT

SITE RESTORATION
Onsite Truck I trips km/trip total

contaminated waste 1.50E+03 1.61E+01 2.42E+04
noncont. waste 6.23E+04 1.61E+01 1.OOE+06 Total 1.03E+06
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GROUT FILL IMUST

Onsite Truck (km) 1.05E+06
Onsite Rail (km) O.OOE+00
Offsite Truck (km) 1.71 E+07
Offsite Rail (km) 1.74E+05

EMPLOYEE VEHICLE
person-yr trip/yr km/trip car pool total

Const. 1.07E+04 2.60E+02 1.40E+02 7.41E-01 2.89E+08
Ops/D&D 6.93E+03 2.60E+02 1.40E+02 7.41E-01 1.87E+08 Total 4.76E+08

Distance traveled in population zones

Urban Offsite km zone fraction Onsite TOTALS
Truck 1.71 E+07 5.OOE-02 8.55E+05
Rail 1.74E+05 5.OE-02 8.72E+03

Suburban
Truck 1.71E+07 5.OOE-02 1.05E+06 1.90E+06
Rail 1.74E+05 5.OOE-02 8.72E+03

Rural
Truck 1.71E+07 9.OOE-01 1.54E+07
Rail 1.74E+05 9.OOE-01 1.57E+05

Fatalities/injuries resulting from Truck and Rail transportation accidents
urban km suburban km rural km
truck Irail truck rail truck rail
8.55E+051 8.72E+03 1.90E+061 8.72E+03 1.54E+071 1.57E+05

urban truck fat/km 7.50E-09 6.41 E-031 I I | |
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urban truck inj/km 3.70E-07 3.16E-01
urban rail fat/km 1.70E-08 1.48E-04
urban rail inj/km 3.30E-08 2.88E-04
sub truck fat.km 1.30E-08 2.47E-02
sub truck inj/kn 3.80E-07 7.23E-01
sub rail fat/km 1 .70E-08 1.48E-04
sub rail inj/km 3.30E-08 2.88E-04
rural truck fat/km 5.30E-08 8.16E-01
rural truck inj/km 8.00E-07 1.23E+01
rural rail fat/krn 1.70E-08 2.67E-03
rural rail inj/km 3.30E-08 5.18E-03

TOTAL FATALITIES 8.50E-01
TOTAL INJURIES 1.34E+O1

Fatalities/Injuries resulting from Employee vehicle accidents

km rate/km TOTAL
fatalities 4.76E+08 8.98E-09 4.27E+00
injuries 4.76E+08 7.14E-07 3.40E+02

Cumulative fatalities/injuries from traffic impacts

I_ transport lemployee TOTAL
FATALITIES 8.50E-01 4.27E+00 5.12E+00
INJURIES 1.34E+01I 3.40E+02 3.53E+02
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Radionucli Decayed to 12/31/1995
# ofanks 40 43 40 16 10
.Ci 1WSS 2WSS 1ESS 2ESS 4ESS

5.80E+04 Ac-225 1.72E-06 2.88E-06 6.03E-06 2.25E-06 2.84E-06
72.3 Ac-227 0.005179 0.004258 0.008844 0.001552 0.000277
343 Am-241 2261.046 12602.86 9961.252 12927.14 6139.114

8040 Am-242 2.676083 19.36104 18.82025 19.97412 8.668311
9.71 Am-242m 2.688882 19.45364 18,91026 20.06965 8.70977

0.199 Ar-243 1.015628 7.824369 9.568559 11.64296 3.122778
1.61E+12 At-217 1.72E-06 2.88E-06 6.03E-06 2.25E-06 2.84E-06
5.37E+08 Ba-137m 844480.3 3775456 3538440 126183.6 136522.7

S1.24E+05 1-210 1.5E-08 1.16E-08 1.34E-08 7.03E-09 2.81E-09
4.18E+08 8i-211 0.005179 0.004258 0.008844 0.001552 0.000277
1.46E+05 31-212 0 0 0 0 0
1.38E+04 8i-213 1.72E-06 2.88E-06 6.03E-06 2.25E-06 2.84E-06

S4.41E+07 i-214 6.08E-08 5.03E-08 5.2E-08 2.98E-08 1.58E-08
4.45 C-14 1952.428 3373.591 12587.81 1479.091 1250.91

3300 Cm-242 2.219645 16.05879 15.61023 16.5673 7.189828
80.8 Cm-244 3.216887 23.89107 50.0855 53.42385 7.202217

0.172 Cm-245 0.000208 0.001744 0.003826 0.004092 0.000551
1.15E-03 Os-iSS 20.65955 67.89432 52.72478 1.611265 2.130069

86.4 Cs- 37 892685.3 3990968 3740423 133386.4 144315.7
S.77E+08 Fr-221 1 .72E-06 2.88E-06 6.03E-06 2.25E-06 2.84E-06
3.86E+07 Fr-223 7.15E-05 5.88E-05 0.000122 2.14E-05 3.82E-06
1.76E-04 1-129 5.189401 13.39034 27.88373 1.821797 0.5208 _ _

2.63E+02 Nb-93m 85.37654 675.9455 371.1179 404.9119 1504.691
0.0807 Ni-59 0 1707.296 3325.23 0 0

58.8 Ni-63 6834.228 48601.69 53030.59 58729.78 109051.8
7.04E-04INp-237 8.264374 11.00118 49.58412 0.3368 0.448371
2.59E+05 Np-238 0.012799 0.092599 0.090013 0.095532 0.041459
2.32E+05 Np-239 1.015628 7.824369 9.568559 11.64296 3.122778
4.72E-02 Pa-231 0.009613 0.007326 0.01526 0.003377 0.000637
2.07E+04 Pa-233 8.264374 11.00118 49.58412 0.3368 0.448371
1.99E+04 Pa-234 0.275063 0.103494 0.260803 0.103241 0.026397
6.86E+08 Pa-234m 171.9143 64.68359 163.0022 64.52547 16.49811
4.59E+04 Pb-209 1.72E-06 2.88E-06 6.03E-06 2.25E-06 2.84E-06

76A Pb-210 1.5E-08 1.16E-08 1.34E-08 7.03E-09 2.81E-09
2.47E+07 Pb-211 0.005179 0.004258 0.008844 0.001552 0.000277
1.38E+04 Pb-212 0 0 0 0 0
3.28E+07 Pb-214 6.08E-08 5.03E-08 5.2E-08 2.98E-08 1.58E-08
5.14E-04 Pd-107 9.0336 23.27601 49.54251 3.664392 0.974433

4.49E+03 Po-210 1.5E-08 1.16E-08 1.34E-08 7.03E-09 2.81E-09
1.04E+11 Po-211 1,41E-05 1.16E-05 2.41E-05 4.24E-06 7.56E-07
2.95E+13 Po-212 0 0 0 0 0
1.26E+16 Po-213 1.69E-06 2.81E-06 5.9E-06 2.2E-06 2.78E-06
3.22E+14 Po-214 6.08E-08 5.03E-08 5.2E-08 2.98E-08 1.58E-08

___ _2.95E+13 Po-215 0.005179 0.004258 0.008844 0.001552 0.000277
3.57E+11 Po-216 0 0 0 0 0
2.83E+08 Po-21 8 6.08E-081 5.03E-08 5.2E-08 2.98E-08 1.58E-081
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c-n- RPoM Pj

17.1 Pu-238 209.6931 296.1764 184.9489 198.7904 223.7023
0.0619 Pu-239 2522.875 4350.621 3522.892 5871.238 5570.596

0.227 Pu-240 486.5172 940.262 825.2579 1472.858 1389.286
103 Pu-241 3917.129 6358.175 8460.234 13183.46 11080.7

3.93E-03 Pu-242 1.33E-05 9.59E-05 9.32E-05 9.89E-05 4.29E-05
5.12E+04 Ra-223 0.005179 0.004258 0.008844 0.001552 0.000277
1.61E+05 Ra-224 0. 0 0. 0 0
3.92E+04 Ra-225 1.72E-06 2.88E-06 6.03E-061 2.25E-06 2.84E-06

0.988 Ra-226 6.08E-08 5.03E-08 5.2E-08 2.98E-08 1.58E-08
272 Ra-228 0 0 0 0 0

3.55E+09 Rh-106 6.11E-05 0.016964 0.082485 0.097283 0.396806
1.30E+10 Rn-219 0.005179 0.004258 0.008844 0.001552 0.000277
9.21E+08 Rn-220 0 0 0 0 0
1.54E+05 Rn-222 6.08E-08 5.03E-08 5.2E-08 2.98E-08 1.58E-08
3.34E+03 Ru-106 6.11E-05 0.016964 0.082485 0.097283 0.396806
8.35E+04 Sb-126 7.936369 23.28679 6.7121381 13.94531 35.94768
7.85E+07 Sb-126m 56.68835 166.3342 47.94384 99.60934 256.7691
6.96E-02 Se-79 97.05961 251.0777 521.4021 32.2847 9.509629

26.3 Sm-151 64317.33 189324.1 56333.67 104150.4 255351.4
0.0283 Sn-126 56.68835 166.3342 47.94384 99.60934 256.7691

139,Sr-90 1513650,14476169 8411675 4949226 19174943
0.0169 Tc-99 3387.6141 8743.647 18136.74 1132.886 331.8042

3.07E+04 Th-227 0.005107 0.004199 0.008722 0.001531 0.000273
819 Th-228 0 0 0 0 0

0.212 Th-229 1.72E-06 2.88E-06 6.03E-06 2.25E-06 2.84E-06
2.02E-02 Th-230 9E-06 7.86E-06 7.51E-06 4.51E-06 3.11E-06
5.29E+03 Th-231 7.217891 2.933397 6.922466 2.809554 0.697812
1.10E-07 Th-232 1.85E-14 3.57E-14 3.13E-14 5.59E-14 5.27E-14

2.31E+04 Th-234 171.9143, 64.68359 163.0022 64.52547 16.49811
1.90E+08 TI-207 0.0051641 0.004247 0.008819 0.001548 0.000276
2.96E+08 TI-208 0 0 01 0 0
4.09E+08 TI-209 3.73E-08 6.21E-08 1.3E-07 4.85E-08 6.13E-08
9.64E-03 U-233 0.001199 0.001753 0.00591 0.000807 0.001178
6.24E-03 U-234 0.04907 0.045905 0.043094 0.030365 0.025199
2.16E-06 U-235 7.217891 2.933397 6.922466 2.809554 0.697812
6.46E-05 U-236 0.000216 0.000418 0.000367 0.000654 0.000617
8.15E+04 U-237 0.09597 0.155775 0.207276 0.322995 0.271477
3.36E-07 U-238 171.9143 64.68359| 163.0022 64.52547 16.49811
5.41E+031Y-90 1513650 14476169 8411675 4949226 19174943
2.51E-03|Zr-93 45.381021 800.021 241.66361 562.6344 2286.793
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tank contents in grams
40 43 40 16 10

1WSS 2WSS lESS 2ESS 4ESS
2.97E-11 4.96E-11 1.04E-10 3.87E-11 4.89E-1
7.16E-05 5.89E-05 0.000122 2.15E-05 3.83E-06
659.197 3674.302 2904.155 3768.847 1789.829

0.000333 0.002408 0.002341 0.002484 0.001078
0.276919 2.003464 1.947504 2.066906 0.89699
5.10366 39.31844 48.08321 58.50734 15.69235

1.07E-18 1.79E-18 3.75E-18 1.39E-18 1.76E-18
0.001573 0.007031 0.006589 0.000235 0.000254
1.21E-13 9.36E-14 1.08E-13 5.67E-14 2.27E-14
1.24E-11 1.02E-11 2.12E-11 3.71E-12 6.62E-13

0 0 0 0 0
1.25E-10 2.08E-10 4.37E-10 1.63E-10 2.06E-10
1.38E-15 1.14E-15 1.18E-15 6.76E-16 3.58E-16
438.7478 758.1104 2828.721 332.38 281.1035
0.000673 0.004866 0.00473 0.00502 0.002179
0.039813 0.295682 0.61987 0.661186 0.089136
0.001209 0.010138 0.022243 0.023793 0.003206
17964.83 59038.54 45847.63 1401.1 1852.234
10332.01 46191.76 43291.93 1543.824 1670.321
9.75E-15 1.63E-14 3.41E-14 1.27E-14 1.6E-14
1.85E-12 1.52E-12 3.16E-12 5.55E-13 9.9E-14
29485.23 76081.49 158430.3 10351.12 2959.154
0.324626 2.570135 1.411095 1.539589 5.721258

0 21156.09 41204.83 0 0
116.2284 826.5593 901.8807 998.8058 1854.622
11739.17 15626.67 70431.98 478.4089 636.8901
4.94E-08 3.58E-07 3.48E-07 3.69E-07 1.6E-07
4.38E-06 3.37E-05 4.12E-05 5.02E-05 1.35E-05
0.203666 0.155203 0.323304 0.071551 0.013501
0.000399 0.000531 0.002395 1.63E-05 2.17E-05
1.38E-05 5.2E-06 1.31E-05 5.19E-06 1.33E-06
2.51 E-07 9.43E-08 2.38E-07 9.41 E-08 2.4E-08
3.76E-11 6.27E-11 1.31E-10 4.89E-11 6.19E-11
1.97E-10 1.52E-10 1.75E-10 9.2E-11 3.68E-11
2.1E-10 1.72E-10 3.58E-10 6.28E-11 1.12E-11

0 0 0 0 0
1.85E-15 1.53E-15 1.59E-15 9.09E-16 4.81E-16
17575.1 45284.06 96386.22 7129.167 1895.785

3.34E-12 2.58E-12 2.98E-12 1.57E-12 6.27E-13
1.36E-16 1.12E-16 2.32E-16 4.07E-17 7.27E-18

0 0 0 0 0
1.34E-22 2.23E-22 4.68E-22 1.74E-22 2.2E-22
1.89E-22 1.56E-22 1.62E-22 9.26E-23 4.9E-23
1.76E-16 1.44E-16 3E-16 5.26E-17 9.39E-16

0 0 0 0 0
2.15E-16 1.78E-16 1.84E-16 1.05E-16 5.57E-17
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711(o
Sheet1

12.26275 17.32026 10.81573 11.62517 13.082
40757.26 70284.68 56912.63 94850.37 89993.48
2143.248 4142.124 3635.497 6488.36 6120.203
38.03038 61.72985 82.13819 127.9948 107.5796
0.003372 0.024397 0.023715 0.025169 0.010923
1.01E-07 8.32E-08 1.73E-07 3.03E-08 5.41E-09

0 0l 0 0. 0
4.4E-11 7.34E-111 1.54E-10 5.73E-11 7.24E-11

6.15E-08 5.09E-08 5.27E-08 3.02E-08 1.6E-08
0 0 0 0 0

1.72E-14 4.78E-12 2.32E-11 2.74E-11 1.12E-10
3.98E-13 3.28E-13 6.8E-13 1.19E-13 2.13E-14

0 0 0 0 0
3.95E-13 3.26E-13 3.38E-13 1.94E-13 1.02E-13
1.83E-08 5.08E-06. 2.47E-05 2.91E-05 0.000119
9.5E-05 0.0002791 8.04E-05 0.000167 0.000431

7.22E-07 2.12E-06 6.11E-07 1.27E-06 3.27E-06
1394.535 3607.438 7491.41 463.8606 136.6326
2445.526 7198.636 2141.965 3960.091 9709.18
2003.122 5877.533 1694.129 3519.765 9073.114
10889.57 104145.1 60515.65 35605.95. 137949.2
200450.5 517375.5 1073180 67034.7 19633.39
1.66E-07 1.37E-07 2.84E-07 4.99E-08 8.89E-09

0 0 0 0 0
8.14E-06 1.36E-05 2.84E-05 1.06E-05 1.34E-05
0.000445 0.000389 0.000372 0.000223 0.000154
0.001364 0.000555 0.001309 0.000531 0.000132
1.68E-07 3.24E-07 2.85E-07 5.08E-07 4.79E-07
0.007442 0.0028 0.007056 0.0027931 0.000714
2.72E-11 2.24E-11 4.64E-11 8.15E-12 1.45E-12

0 0 0 0 0
9.11E-17 1.52E-16 3.18E-16 1.19E-16 1.5E-16
0.124419 0.181847 0.61306 0.083734 0.122188
7.863758 7.356635 6.906132 4.866185 4.038277
3341616 1358054 3204845 1300719 323060.9
3.345725 6.465961 5.674911 10.12839 9.553981
1.18E-06 1.91E-06 2.54E-06 3.96E-061 3.33E-06

5.12E+08 1.93E+08 4.85E+08 1.92E+08 49101503
279.7875 2675.817 1554.838 914.82931 3544.352
18080.09 318733.1 96280.32 224157.11 911072.8
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Table I Rev A
Tank Release Concentration grams/liter for radionuclides

release concentration grams/liter
IWSS 12WSS 1ESS 2ESS 4ESS

Ac-225 4.07E-191 3.92E-19 1.98E-18 5.4E-17 3.6E-18
Ac-227 9.8E-131 4.66E-13 2.33E-12 3E-11 2.82E-13
Am-241 9.02E-06 2.91E-05 5.53E-05 0.005259 0.000132
Am-242 4.56E-12 1.91E-11 4.46E-11 3.47E-09 7.94E-11
Am-242m 3.79E-09 1.59E-08 3.71E-081 2.88E-06 6.6E-081
Am-243 699E-08 3.11E-07 9.16E-07 8.16E-05 1.16E-06
At-217 1.47E-26 1.41E-26 7.13E-26 1.95E-24 1.3E-25
Ba-137m 2.15E-11 5.56E-11 1.26E-10 3.28E-10 1.87E-11
Bi-210 1.66E-21 7.4E-22 2.06E-21 7.91E-20 1.67E-21
Bi-211 1.7E-191 8.06E-20 4.03E-19 5.18E-18 4.88E-20
Bi-212 01 0 0 0 0
Bi-213 1.71E-18 1.65E-18 8.32E-18 2.27E-16 1.51E-17
Bi-214 1.89E-231 9.02E-24 2.25E-23 9.43E-22 2.63E-23
C-14 6.01E-06 6E-06 5.39E-05 0.000464 2.07E-05
Cm-242 9.21E-12 3.85E-11 9.01E-11 7.01E-09 1.6E-10
Cm-244 5.45E-10 2.34E-09 1.18E-08 9.23E-07 6.56E-09
Cm-245 1.65E-11 8.02E-11 4.24E-10 3.32E-08 2.36E-10
Cs-135 0.000246 0.000467 0.000873 0.001955 0.000136
Cs-137 0.000141 0.000365 0.000825. 0.002154 0.000123
Fr-221 1.33E-22. 1.29E-22 6.49E-221 1.77E-20 1.18E-21
Fr-223 2.53E-201 1.2E-20 6.02E-20 7.74E-19 7.29E-21
1-129 0.0004041 0.000602 0.003018 0.014443 0.000218
Nb-93m 4.44E-09 2.03E-08 2.69E-08 2.15E-06 4.21E-07
Ni-59 0 0.000167 0.000785 0 0
Ni-63 1.59E-06 6.54E-06 1.72E-05 0.001394 0.000137
Np-237 0.000161 0.000124 0.001342 0.000668 4.69E-05
Np-238 6.76E-16 2.83E-15 6.62E-15 5.15E-13 1.18E-14
Np-239 5.99E-14 2.67E-13 7.86E-131 7E-11 9.91E-13
Pa-231 2.79E-09 1.23E-09 6.16E-09 9.98E-08 9.94E-10
Pa-233 5.46E-121 4.2E-12 4.56E-11 2.27E-11 1.59E-12
Pa-234 1.89E-131 4.11E-14 2.5E-13 7.24E-12 9.77E-14
Pa-234m 3.43E-15 7.46E-16 4.53E-15 1.31E-13 1.77E-15
Pb-209 5.14E-19 4.96E-19 2.5E-18 6.83E-17 4.55E-18
Pb-210 2.69E-18 1.2E-18 3.34E-18 1.28E-16 2.71E-18
Pb-211 2.87E-18 1.36E-18 6.82E-18 8.77E-17 8.25E-19
Pb-212 0 0 0 0 0
Pb-214 2.54E-23 1.21E-23 3.02E-23 1.27E-21 3.54E-23
Pd-107 0.000241 0.000358 0.001836 0.009948 0.00014
Po-210 4.58E-20 2.04E-20 5.68E-20 2.18E-18 4.61E-20
Po-211 1.86E-24 8.84E-25 4.42E-24 5.69E-23 5.35E-25
Po-212 0 0 0 0 0
Po-213 1.83E-30 1.77E-30 8.92E-30 2.43E-28 1.62E-29
Po-214 2.58E-30 1.23E-301 3.08E-301 1.29E-28 3.61E-30
Po-215 2.4E-24 1.14E-241 5.71E-241 7.34E-23 6.91E-25
Po-216 0 01 01 0 0
Po-218 2.94E-24 1.4E-241 3.5E-241 1.47E-22 4.1E-24

cnc / Kvft' Ls~o+cm K 3

UonC LnAsJOno

In crtnu./rt
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Table 1 Rev A
Tank Release Concentration grams/liter for radionuclides

Pu-238 1.68E-07 1.37E-07 2.06E-07 1.62E-05 9.63E-07
Pu-239 0.000558 0.000556 0.001084 0.132349 0.006625
Pu-240 2.93E-05 3.28E-05 6.92E-05 0.009054 0.000451
Pu-241 5.21E-07 4.88E-07 1.56E-06 0.000179 7.92E-06
Pu-242 4.62E-11 1.93E-10 4.52E-10 3.512-08 8.04E-10
Ra-223 1.38E-15 6.58E-16 3.29E-15 4.23E-14 3.98E-16
Ra-224 0 0 0 0 0
Ra-225 6.02E-191 5.81-19 2.93E-18 7.99E-17 5.33E-18
Ra-226 8.42E-16 4.02E-16 1E-15 4.21E-14 1.18E-15
Ra-228 0 0 0 0 0
Rh-106 2.36E-22 3.78E-20 4.43E-19 3.82E-17 8.23E-18
Rn-219 5.45E-21 2.59E-21 1.3E-20 1.67E-19 1.57E-21
Rn-220 0 0 0 0 0
Rn-222 5.4-21 2.58E-21 6.44E-21 2.7E-19 7.54E-21
Ru-106 2.51E-16 4.02E-14 4.7E-13 4.06.-1E 8.75E-12
Sb-126 1.3E-12 2.21E-12 1.53E-12 2.33E-10 3.17E-11
Sb-126m 9.88E-15 1.68E-14 1.16E-14 1.77E-12 2.41E-13
Se-79 1.91E-05 2.85E-05 0.000143 0.000647 1.01E-05
Sm-151 3.35E-05 5.7E-05 4.08E-05 0.005526 0.000715
Sn-126 2.74E-05 4.65E-05 3.23E-05 0.004911 0.000668
Sr-90 0.000149 0.000824 0.001153 0.049683 0.010156
Tc-99 0.002744 0.004094 0.020442 0.093537 0.001445
Th-227 2.28-151 1.08E-15 5.41E-15 6.96E-14 6.55E-16
Th-228 0 0 0 0 0
Th-229 1.11E-13 1.07E-13 5.42E-13 1.48E-11 9.86E-13
Th-230 6.12-12 3.08E-12 7.08E-12 3.12E-10 1.13E-11
Th-231 1.87E-11 4.39E-12 2.49E-11 7.412E-10 9.71-12
Th-232 2.3E-15 2.57E-15 5.42E-15 7.09E-13 3.53E-14
Th-234 1.02E-10 2.22E-11 1.34E-10 3.9E-09 5.26E-11
TI-207 3.72E-19 1.77E-19 8.84E-19 1.14E-17 1.07E-19
TI-208 0 0 0 0 0
TI-209 1.25E-24 1.2E-24 6.07E-24 1.65E-22 1.1E-23
U-233 1.7E-09 1.44E-09 1.17E-08 1.17-07 9E-09
U-234 1.08E-07 5.82E-08 1.32E-07 6.79E-06 2.97E-07
U-235 0.045741 0.010745 0.061045 1.814957 0.023784
U-236 4.58E-08 5.12E-08 1.08E-07 1.41E-05 7.03E-07
U-237 1.61E-14 1.51E-14 4.84E-14 5.53E-12 2.45E-13
U-238 7.003571 1.523161 9.240486 267.9629 3.614835
Y-90 3.83E-06 2.12E-05 2.96-051 0.001277 0.000261
Zr-93 0.000247 0.002522 0.001834 0.312777 0.067073
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Table 2
Chemical Release Concentrations Nonradioactive Chemicals for

Single Shell Tanks

solubility grams/liter
Chemical 1WSS 2WSS 1 ESS 2ES5 4ESS

Ag (1) 5.63E-101 5.11-10 3.80-091 1.24-08 1.97E-10
Al (1) 4.55E+00| 8.75E+00 1.53E+01 5.37E+02 1.94E+00
AI+3 9.75E-011 5.73E+00 1.13E+01 8.06E+02 1.87E+00
AO2- 6.23E+001 8.47E+00 1.37E+01 1.05E+02 1.34E+00
Ba+2(1) 4.91E041 1.34E-03 1.95E-03 1.52&-01 1.40-02
B0+3 2.28E+001 2.21E.03 1.79E+00 8.27-01
C2H303 (1) 7.28-021 2.25-02 6.15-03 1.65-01 2.19E-01
C6H507(1) 7.47E+00 5.21E+00 2.33E+01 1.53E+02 1.79E+00
C03-2 9.68E+00 1.272+00 1.22E+01 8.62E+01 2.80E+00
Ca+2 2.72E-03i 4.60E-02 1.04E+00 9.16E+01 1.132&01
Cd+2 (2)
Ce+3 1.59E+00 2.502-01 1.68E+001 3.67E-01 1.29-01
CI. 3.00201{ 4.28E-02 2.402-01 5.58&-02 4.44E03
Cr+3 1,73E-02[ 8i.59-01 1.38-021 2.30&01 6.07E-02
CrO4-2 .W 4.28E-031 .1.63-01 3.42-031 5.69E-02 1.50E-02
EDTA (1) 5.58-01E 1.73&01E 4.71&-02 1.27E+00 1.67E+00
F- 1.972+00 2.38&.01 4.42E+001 5.56E+02 2.27-02
Fe+3 2.33E+001 6.47-01 2.70E+00 7.72E+01 1.31E+01
Fe(CN)6-4 3.002-02 1.08E-02 4.72E+00 9.73E+01 3.902-03
HEDTA (1) 1.01E+001 3.14E-01 9.41-02 2.30E+00 3.04E+00
Hg+ (2)
K+ (1) 6.85E-02 2.002-01 5.502-01 2.56-01 3.332-02
La+ (1) 2.03-02 7.60-03
Mn+4 2.87E-01 8.92-02 2.49-01 7.12E+01 1.73E+00
Na+ 1.99E+02 1.67E+02 2.20E+02 2.92E+03 2.78E+02
NI+2 6.88E-02 2.64E-02 2.37E+00 6.12E+01 7.31E-02
N02- 2.41E+01 6.33E+00 3.92E+01 6.59-01 1.71E+01
NO- 3.60E+02 3.60E+02 3.60E+02 3.60E+02 3.60E+02
OH- 6.20E+00 1.82E+01 1.98E+01 1.97E+03 1.28E+01
P04-3 3.66E+01 8.70E-01 3.442+01 4.14E+01 6.34E-02
Pb(1) 3.22E-02 3.06-02 8.04E+00 9.48E+00 7.60E.03
g[03- 7.67E+00 1.90E+00 7.68E+00 9.83E-01 1.54&01
Sn (1) 1.02E-04
'904-2 8.68E+00 1.96E+00 1.05E+01 1.86E+02 6.15E+00
Sr+2 1.28-05 5.52-04 6.82-01 3.522-02 4.25-03
W+4 (2)
Zr+4 1.922&01 1.832-01 1.24E-01 2.82E+02 9.41-03



TA&2 3 SST RETRIEVAL LEAK ESTIMATES

Page 1

TANK GROUP 1WSS 2WSS 1ESS 2ESS 4ESS
NO. TANKS 40 43 40 16 10
RETRIEVAL LEAK VOLUME (LITERS) 605600 651020 605600 242240 151400
RETRIEVAL LEAK RATE (LITERSNR) 40373 43401 40373 16149 10093

SST RETRIEVAL OPERATIONS =15 YRS MIN PRETREAT AND TPA
SST RETRIEVAL PERIOD 2003/2018 I I
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(DK-ADJ.LAW)Radnuclide Data 13116

Specific Actrhvky Specific Activity

Page 2 .

! #ViV ! L L ! qR-% -7 !unI. J ta O a i V JV l a I ItmE # !:JNVH d80 ON9 SG00Vr+Z99Pt6S09

Atomic Isotope
Wbeht A)

106 Rh-1M6
107 Pd-107
110 Ag-110m
110 Ag-O10
123 1.123
12 1-129
126 Sb-12
126 Sb-126m
126 Sn-126
129 -19
181 1-181
132 Ta-132
182 1-132
133 Ba-l
133 Xe-ISO
133 1-lSS
133 To-13
134 Cs-184
135 -135
135 Ba-1Sm
18 C-135
136 c-188
157 as-137
197 Ba-137m
140 Ba-140
140 La-140
141 0-141
143 O-144
143 Pr-14
143 Ce-143
144 Pr-144
147 Pm-147
151 Sm-151
154 Eu-14
11 Ta-T11
182 Ta-1 9
leO W-186
192 I-192
100 Au-NSO
199 Au-1UG
203 Hg-203
204 71-204
207 TM-207
208 71-208
208 Pb-209
209 T-209
210 Pb-210

Half-Life (T) Unbts

2.99E+01 a
6.60E+06 y

240.000 d
2.46E+01 a

13.200 h
60.140 d
12.400 d
10,000 m

1.00OE+05 y
1.57zEt07 y

8,040 d
76.200 h

2.300 h
1.05!+01 y

5.248 d
20.800 h
12.480 m

2,0E+00 y
6.610 h

28.700 h
2.30E+08 y

13.100 d
3.02E+01 y

2.582 m
12.740 d
40.272 h
32.501 d

294.800 d
13.680 d
33.000 h
17.280 m

2.82E+00 y
0.009+01 y

8.690 y
1*1.200 d
115,000 d

76.100 d
74.020 d
2.606 d
3.139 d

40.000 d
3.78E+00 y

4.770 m
3.063 m
3.253 h
2.200 m

223E+01 y

1,31E+08
1.006-05

1.765+02
1.54E+08
7.112+02
6,42E+02
.00E43

1.05E-03
0.52E-00

4.682+03
1 .1IE+02
S.80E+03
0.405EtOO
6.92203
4.17E+02
420E406
4.78E401
129E+03
2.98E+02
426E-M0
2.71E408
3.20E+00
1.90E+07
2.71 E+0
2.05202
1.OSE+03
1.19E+02
2,49E+03
2.44E+02
2.79E+08
8.48E+01
0.72E.01

9.992+00
2.20E+02
2.31E+02

A7rm+02
SAOE402
9,04E+03
7.73E+03
6110E+02
1.71E+01
7.04E-00
1.09E+07
1.70E+03
1.61 E+07
283E+00

(Ci/o)
3.65E+09
6.14E.04

4.75E5+03
4.17E+00
1.92E+04
1.74E+04
& 6E+04
7.GSE+07
2.88E-02
1.76E-04
1.24E+06
5.02E+03
1.032E+
2A0E+02
1.87E+OS
1.135+04
1.13E+08
129;+03
3.4E+04
0.05E+03
1.15E-03
7.32E+04
8.84E+01
5.37E+06
7.31 E+04
5.5E+03
2.85E+04
3.21 E+03
6.73E+04
6.61E+03
7.56E+07
.269+02

2.63E+01
2.70E+02
6.96E+03
6.23E+08
0.S2E+02
9.18E+08
2.44E+08
2.09E+06
1.3SE+04
4.63E+02
1.90E+08
2.96E+08
4.0E+04
4.00E+08
7.64E+01

Decay Constant
(par dsy)

2.00E+03
2,25-10
2.77E-02S
2.4-9E4403
1.26E+00
1.ICE-02
5.69E-02
9.5E+01
1,90E-08
1.21E-10
8,62E-02
2.13E-01
7.23E400
1.51 E-04
1.32E-01

.OO E-01
8.02E+01
9.20E-04
2.52E+00
5.80E-01
8.252-10
5.29E-02
6.29E-05
2.01 E+02
6.445-02
4.13E-01
2.13E-02
2.4E-03
5.11E-02
5.04E-01
5.78E+01
7.2E-04
2.11E-05
2.21 E-04
5.72E-0S
6.03E-0
0.225-02
9.6E-08
2.67E-01
2.21E-01
1.40E-02
5.02E-04
2.09E+02
3.27E+02
5.115+00
4.64E+02
8.&3E-05
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1200 Ofa. 1200 East Ofc. Bid. 35 000.00| 105 000.00| 350.000.00 - 350 000.00 8.03

S|HLWJV IHiqh Level Waste Vit. Facility 106.225.001| 189,000.00| 738. 62.50 738 ,062.,50 16.94

5 ] WT |dmn. uidiq 37,500.00 21,000.00| 146,250.00 3.36
MWTF Support Facility, MWTF 84,500.00I 14,700.00i 248,000.00 5.69

S MWTF Weather Enclosure. MWTF rn/a -use tanks| 8,400.00 1 21,000.00 0.481
mwtr (4) 1 million Gal. DST Tanks 87,120.0 1

Proi. sum |[209,.120.00 44.100.00 6305.0 3,5.0143

7NTF Northern Areas Training Facilty 1 30.000.00 63, 000.00 232Z500.00 232,500.00 5.34

S TE M Steam Plant 150.000.00 2,800.00 382,01313M 382,000.00 8.77

' TC|perations Conro B uiding 70,000.00 52,500.00 306,250.00 17.03
TSC |Low Level Vit Vaults (50) 31,250.00 1,260.00 3,909,400.00 89.75
trade study (Regulate d Entrance Bldg. 30,000.00 75,000.00 1.72
trade study |Bulk Cold Chem. Bldg. 90,000.00 -225,000.00 5.17
trade study Receipt /star. tanks (6 pack) 21,000.00 105,000.00 2.41
trade study Cooling tower 12,000.00 30,600.00 0.69

Pro!. sum 25,5.0 53,760.00 4.650,650.00 4,660,650.00 106.76

memafxxamaravxxxxZINI INIZINNnealel xx91MAI

12 TEIS Central Ofe. Facit & Ops Sys. 62.0 10.0 2.890.00 62,890. 00 1..443

14 SS Power Substation 36,0.0n 20,000.00 720,000.00 16.53.

Building / Project'Area Table

AREALAY.WK4 08104194 08:39 AM
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Summary of mass balance for calcination reactor and comparision to mass balance
table in Appendix A of Westinghouse data package for the Ex Situ Vitrification
No Separations Alternative

Feed to Calciner Compared to Feed to Glass Melter

Phase Species Calciner Glass Melter
kg Stream #406

1__ 1 1 kg
Total Mass 4.91E+08 4.26E+08

Water 2.55E+08 a 2.23E+08
Liquid NaNO3 1.45E+08 1.45E+08

NaNO2 1.43E+07 1.43E+07
NaOH 1.52E+07 1.52E+07
TOC 1.42E+06 1.42E+06

C12H22011 3.28E+07 b O.OOE+00
Other Dissolved Solids 2.73E+07 2.71E+07

Total Mass 1. 94E+07 3.07E+07 c
Solid TOC 1.16E+05 1.16E+05

Other Solids 1.93E+07 3.06E+07
a.
b.
C.

Assumes 50% weight total solids fed to calciner
Sugar (C12H2201 1) added to mix tank upstream of calciner
Mass includes recycle of glass fines to melter

Steam to Feed Atomizer

Oxygen Gas

Calciner oxygen feed to calciner 1.06E+07 kg a
Glass Melter Stream #409 | 1.85E+08 kg b

a. Oxygen for calcination reactions only. Does not include the oxygen required for
kerosene fuel combustion. Kerosene combustion occurs outside of the
calcination reactor and does not enter mass balance.

b. Includes the oxygen required for the kerosene fuel combustion.

Kerosene Liquid

Calciner 50 psig saturated steam 2.55E+06 kg
Glass Melter no direct steam feed |.O0E+00 kg

Calciner no direct feed 0.0OE+00 kg a
Glass Melter Stream #408 5.21E+07 kg

a. Kerosene combustions occurs outside of the calciner reactor and does not
enter the mass balance
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Glassa 9-1-me

Glass Frmners

Calciner not required 0.OOE+00 kg]
Glass Melter Stream #407 2.50E+08 kg |

Solids Discharge for Calciner Reactor Compared to Solids Discharge
for Glass Melter

Calciner Calcined Salfs 1. 68E+08 kg
Glass Melter j Stream #411 3.652+08 kg

Off-Gas for Calciner Reactor Compared to Off-Gas for Glass Melter

Only species in table considered. No estimate made for other off-gas

species

Species Calciner Glass Melter
kg Stream #410

1 1_ kg
Water 5.15E+08 3.50E+08
N02 4.41E+07 1.35E+07
NO 2.68E+07 3.20E+05

C02 5.72E+06 a 1.72E+08
a. From oxidation of TOC in feed
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Summary of mass balance for calciner and comparision to mass balance table in Appendix A
of Westinghouse data package for Ex Situ Vitrification No-Separations

Faod to Calciner Compared to Fed to Glass Melter

Phase Species Calciner Glass Melter

k 1qStream #406

Total Mass 4.91E+08 4.26E+08
Water 2.55E+08 a 2.23E+08

Liquid NaNO3 1.45E+08 1.45E+08
NaNO2 1.43E+07 1.43E+07
NaOH 1.52E+07 1.52E+07
TOC 1.42E+06 1.42E+06

C12H22011 3.28E+07 b 0.00E+00
Other Dissolved Solids 2.69E+07 2.71E+07

Total Mass 1.94E+07 3.07E+07 c
Solid TOC 1.16E+05 1.16E+05

Other Solids 1.93E+07 3.06E+07
a. Assumes 50% weight total solids to calciner
b. Sugar (C12H22011) added to mix tank prior to calciner
c. Mass Includes recycle of glass fines to melter

Steam to Feed Atomizer

Calciner 150 psig saturated steam 2.S5E+08 kg
Glass Molter jno direct steam feed O.0OE+00 kg

Oxygen Gas

10slaier I oxygen teed to cacineor 1.04E+07 kg I a
a Molter I Stream#409 1.85E+08 kg b

a.: Oxygen for. calciner reactions only. Does not Include oxygen required for kermsene fuel
combustion which occurs outside of calciner reactor and does not enter calciner mass balance.

b. includes oxygen required for kerosene fuel combustion.

Kerosene Uquid

lCalciner no direct feed 0.OaE+00 k a
jGlass Melter Stream # 408 5.21E+07 kg

a. Kerosene conustion occurs outside of calciner reactor and does not enter calciner
mass balance
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Glass Formers

lCaliner jiJtRequired ~
Glass Meter Stram4072.50E+0

Off-Gas for Catciner Compared to Off-Gas for Glass Melter

Note: Only species in table considered. No estimate made for another off-gas
components.

-er-nonia; l pTm-
From oxidation of TOC In feed.

2'No estimate made of change from glass melter number.

Solids Discharge for Calciner Compared to Solids Discharge for Glass Mlter

ier Calcied sals1.6lE+8
lass Metler Stream 411 3.05E+08

5ysrou -iI

TOTAL P.03

Species Calciner Glass Metter
kg Stream # 410

kg
Water 6.15E+08 -24aE+ - .a-
N02 4.41E+07 1.35E+07
NO 2.88E+07 3.20E+05

C02 5.72E+06 C.)r . a /.'724$
S02 1.36E+06 6,' 1.36E+06

b
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Sugar Denitrification
TWRS EIS

The term "sugar denitrification" can be used to refer to two different processing
scenarios. The first refers to the use of sugar to destroy nitric acid, HN0 3 . The

second refers to the use of sugar during calcination to change other anions into
carbonates.

Nitric Acid Destruction.
For the destruction of nitric acid, the reaction considered most likely to take place is as
follows:

C12H22011 + 24HN0 3 = 12CO2 + 12NO + 12NO2 + 23H20

Other substances such as formaldehyde have been used at Hanford to destroy nitric
acid. From the dates of references it can beijnferred that the reaction of nitric acid
with formaldehyde was investigated from 1954 to 1963. Then in 1962 several
investigators began looking at the conceptof using sugar in place of formaldehyde.
The laboratory and pilot plant work indicated that-.sugar could be successfully used to
destroy the excess nitric acid in the Purexwaste-streams. The investigators did not
indicate the point in the overall Purex process where the sugar was to be added. The
reports do not indicate that sugar was ever used in place of formaldehyde, but stated
that results indicated that such a substitution could be successful.

Although chemical reactions can be written for it, it is unlikely that sugar
denitrification could be used to destroy the sodium nitrate which presently exists in the
tank wastes as a result of neutralizing the excess nitric acid with sodium hydroxide. In
neutral or basic solutions such as the Hanford tank wastes the nitrate anion is a very
weak oxidizing agent. Any potential denitrification of the existing tank wastes will be
hindered by the fact that one of the reaction products from adding sugar to tank wastes
is sodium hydroxide, which is present in large excesses to help prevent corrosion of the
steel tanks. For this reason the TPA and No Separations alternatives do not include the
addition of sugar in their flowsheets and process descriptions. Where sugar
denitrification can be probably used in an ex-sitm alternative is that part of the
Extensive Separations alternative that processes acidic solutions. In the preliminary
flowsheets for Extensive Separations, sugar denitrification is used to destroy nitric
acid, prior to further processing.

Sugar Calcination.
The second use of sugar, as a reactant during calcination, does not appear to have been
investigated or used on a large scale. Reactions can be written for the reaction of sugar
with nitrate, nitrite and hydroxide, converting these anions into carbonates. For nitrate
the reaction can be written:
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C12H22011 + 24NaNO 3 = 12Na 2CO3 + 12NO + 12NO2 + 11H20

For nitrite conversion oxygen is required as shown in the following equation:

C12H22011 + 24NaNO2 + 1202 = 12Na2CO3 + 12NO + 12NO2 + 11H20

Likewise for hydroxyl conversion, oxygen is required as shown by the following
equation:

C12H22011 + 24NaOH + 1202 = 12Na2 CO3 + 23H20

From thermodynamic considerations (Gibbs free energies) one would postulate that the
above chemical reactions would very likely proceed to completion. The kinetics of
these reactions would be aided by high temperatures such as those that occur during
calcination processing. While it is difficult to state the exact temperature required for
calcination, it would likely be in the 400-600*C range. Sodium bicarbonate melts at
851C, sodium nitrate at 3080C, sodium nitrite.at 271*C and sodium hydroxide at
3280C.

One can make an estimate of the products of calcining the tank wastes with sugar. The
starting point for this estimate is the feed stream-from retrieval and transfer of the tank
contents. Reference to the mass balances given in the TPA (and No Separations) data
package shows that over the life of the plant the total mass flow of liquid components is
710,000 metric tons (MT). The total mass flow of solid components is 19,400 MT.
Of the liquid components, 507,000 MT are water and 1,420 MT are total organic
carbon (TOC). The remaining dissolved solids are 99% sodium compounds and 1%
other compounds, including dissolved radionuclides. Table 1 below shows the weights
and percentages of the sodium compounds.

Table 1. Sodium
Compounds in Feed Stream

Sodium Compound Weight (MT) Percent of Compounds
NaNO3  145,350 72.6
NaNO2 14,283 7.1
NaOH 15,160 7.6
Na2SO 4  2,984 1.5
Na2 CO3  5,936 - 3.0
Na3 PO4  4,428 2.2
Na4AI(OH)4  9,537 4.8
NaF 2,478 1.2



The first three compounds listed are the ones for which chemical reactions have been
written. Reactions were not written for the remaining compounds since they comprise
a minor portion of the dissolved sodium compounds.

Based on the reactions that have been written, it is possible to calculate the weight of
sugar to be added to form carbonates, and also to calculate the weight of sodium
carbonate that would be formed. This assumes the reactions require no excess sugar to
go to completion. Table 2, below shows the reactant compounds, the sugar required,
and the sodium carbonate that would ideally be produced.

Table 2. Sugar
Consumption & Na2 CO3

Production

Reacting Compound Sugar Required (MT) Na2 CO3 Formed (MT)

NaNO3 24,370 _90,630

NaNO2 2,950 . . 10,970

NaOH 5,400 - 20,090
Tota is 32,720 121,690

By adding the weight of sodium carbonate that is produced to the weights of the other
solid components in the feed stream (and subtracting those substances that are
volatilized), one can calculate the weight of final product from the sugar calcination.
Table 3 below shows a comparison of the weight of final product from sugar
calcination with the weight of vitrified product shown in the data package for No
Separations.

Table 3. Comparison of
Final Products.

I Calcination

ITotal 166,340

No Pretreatment
Vitrified Product (MT)

1 I 357,000

The results of these preliminary calculations indicate that weight of the final product of
-sugar calcination is roughly 46% of the weight of final glass product from No

Solid Product Weight (MT)
Na2CO3 121,690
Na2SO 4  2,980

Na2CO3(present originally) 5,940
Na3 PO4  4,430

Na4 AI(OH)4  9,540 .

NaF 2,480
Solid Components 19,400 - ~
TOC (from solid comp.) -120
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Separations. This would indicate that there are potential decreases in the amount of
final product from the treatment of the liquid portion of the tank wastes. The solid
portion of the tank wastes may also react with sugar during calcination, however this
preliminary estimate did not consider any changes in the solids.

There are a number of unresolved issues that remain for sugar calcination. Among
these are the following:
1. The final form of the treated wastes from sugar calcination is primarily a mixture

of sodium carbonate and calcined solids. The sodium carbonate is certainly water
soluble, and the calcined solids may have been rendered more soluble by high
temperature reactions. Calcination is commonly used on mineral products to
render them more amenable to further hydrometallurgical processing. The
protection for the calcined tank wastes is then ultimately the container that they are
sealed into. So while the tank wastes have been reduced in volume, the final
product is immobilized to the extent that the external container remains secure.
There are no NRC requirements in 1OCFR60 that require a high level waste form
to be a glass. A waste that is in solid form -in sealed containers, that is non-
combustible and with particulates consolidated to limit availability and particulate
generation appears to meet the NRC waste form criteria. A Waste Form
Acceptance Systems Requirements Document (WASRD) has been generated for the
geologic repository, but a Waste Acceptance Criteria (WAC) is not yet available.
The cesium chloride capsules represent a siniflar situation where a soluble product
is sealed in a container. The question of repository acceptance appears to be some
time in the future.

2. While the reactions of tank waste components with sugar to form sodium carbonate
can be written and quantified, there is no evidence that there will not be practical
problems in the calcination process that cannot be overcome. Unresolved safety
issues would certainly be among the first to be resolved. The calcination process
involves the heating of a fuel (sugar) with an active oxidizing agent (sodium
nitrate). Under the proper circumstances the fuel and oxidizer may react with
explosive violence. While this possibility would not rule out consideration of sugar
calcination as a suboption in the TWRS EIS, it would place it in the category of
potential but unproven technology.

One conclusion to be drawn regarding the TWRS EIS is that the exclusion or inclusion
of sugar calcination as a waste processing technology should have minimal changes in
the expected environmental impacts. The wastes must still be retrieved and
transferred; a processing facility must still be constructed and operated; that processing
facility will still emit roughly the same quantities of gaseous effluents; disturbed areas
for borrow material will remain unchanged; groundwater modeling would be largely
unaffected, and wastes must still be transported to the geologic repository.

Previous Calcination Studies
Appendix I of the Technical Options Report provides a preliminary analysis of a
process that calcined the tank wastes. This information should be used very cautiously



A4rteAeof~t'r 8

since this process was not sugar calcination. Instead it was a process which calcined
the plant feed directly to sodium hydroxide in fluid bed calciners, treated the gas
stream for nitrogen oxides, Tc-99, and added lime to precipitate sulfur oxides in the
calciner. Lime was also added later to capture C-14 as the carbonate. Since carbon
could not be added in the fuel to the calciner, hydrogen and oxygen were used as the
primary fuels. Calcining took place in 60 fluid bed calciners, each of which produced
about one ton/day of calcined product. The use of so many small units may have been
postulated to solve the problem of scaling the process up to larger calciners. It
certainly solved the problem of installed spares. The final product was placed in
nodular iron (not stainless steel ) casks for disposal. While the filling and sealing of
the casks does not depend on the material of construction, acceptance of nodular iron at
the geologic repository is very questionable.
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CALCINATION DATA FOR T=E TWRSEIS

The followins irformaion is reqescd for use in ass±ssing :he 'virone:t ats assoc2a:t w
No Soararions Calcinadon subalternadve.

1.0 SCOPE
Calcination is one of two optional wast treatment technologies being evaluated for the No Separations
subalternadve in the TWRS EIS. No Separations refers to an alternative that would remove as much of
the waste from the anks as practicable (assumed to be 99%) and treat all of the retrieved waste. classified
as high-level waste. for disposal at the proposed national high-level waste repository.

The retrieved waste would not separate waste into LLW and HLW streams. The sinsle-shell rank wastes
and double-shell tank wastes would be blended as necessary. Blended waste would be classified as HLW
and calcined in a single treatment facility. The calcined wastes would, be placed into Hanford Site
canisters, which would then be placed into overpack shielding casks. The casks would be held on interim
site storage pads to await shipment to a permanent HLW repository for final disposal.

The HLW calcination plant is very similar to the HLW vitrification plant described in the No Separations
(Vitrification) subalternadve data package.

The calcination option described in this dam package proviaes for the following:
- Receive wastes from the waste retrieval and transfer function:
- Calcines the waste stream using sugar as £ reduciig agent to yield a dry waste steam that is mainly

carbonates:
- Treats the off-gas stream from the calciner providing overall DFs for constiuents of concern that

are approximately the same as those in the vitrification opdon:
* Collects liquid effluents for batch transfer to the Liquid Effluent Treatment Facility:
- Produces calcined waste in Hanford Site canisters: and
- Onsite interim storage of the entire calcined waste volume pending shipment to the proposed

national repository.

2.0 SOURCES OF INFORMATION
Idenify information sources used in develoning data.

3.0 ASSUMPTIONS USED IN DEVELOPING THE DATA

Assuime the same schedule as the vitrification option
Assume the same plant operating efficiency (60%) and capacity factor (60%)
Assume the same inut
Similr levels of air polluion control
Assume similar size of a canister for the calcined product as the vitrified waste (1.67 m dia x 4.57
meters high)

4.0 DISCUSSION
4.1 CONSTRUCTION
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Descriotdon or the M'cUMVes c wii c ce !t.r : 5= c I
Facility -fooc rccs

Conszrucaon Chedilte- Asstume te same construcdon schedule as the No Separators ntrncatOn
data gackge

Location of te facilities and sitizm information will be assumed to be the sare as the vitrification
option

4.2 OPERATION
Operating schedule assumed to be the same as vitrification:
Characteristics of material to be processed - use vitrification data package material balance stream
number I as a plant ibrue;
Characteristics of treated waste:
Volume of treated waste;
Size of the required interim storage facility assuming that the same 10 m3 container will be used
for the calcined waste:
Process flow diagram and description;
Potential increases or decreases or changes in characteristics of secondary waste streams or
incidental waste volumes from the vitrification option:

4.3 POST REMEDIATION
Assume that post remediadon activities would be the same as the vitrification option.

5.0 DATA

Note: provide footnotes to tables as a means to explain data.
Provide one set of backup calculations made to develop data presented in tables.
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Table 1 Waste Form Volume and Avei-ae Radionudide Inventorv

Radionuctide inventory Curies in Waste Form.

(should be the same as viarfica-don)

Tocal Waste Volume (m3)

COfSTRTCTTON

Table 2 Construction Personnel Requirements (FTEs)

Activity Total 199
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Table 3 Construction Resodrce Reauirements

Constmucdioz Resour.c-- Quznity
Land (hectares)

Surface Committed Temporarily

Water

Energy
Electricity (Gwh)
Diesel Fuel (liters)
Gasoline (liters)

Materials
Concrete (m3)

Cement (m3)
Sand (m3)
Aggregate (m3)

Steel

Carbon Steel (mt) . .
Stainless Steel (mt)

Earthen Borrow Material (m3)
Sand
Aggregate
Other (specify)

Table 4 Nonradiological Construction Emissions

Construction Emission Pollutant Quantity

Exhaust Particulate PM-10 (kg)

SOx (as SO2) kg .

NOx (as NO2)kg

Hydrocarbons, kg __-

Aldehydes, kg

CO, kg

Fugitive Dust, kg
Note: This data should be scaled from the vitrification option based on projected facility size.



CaLw fo teebd~ V,

Table 5 Transportation of Earthen B6rrow Construction Material
This can be calculated using the volume of borrow idencifled in the consrruc-don resoune table
and using the same assumpttons as the \VHC data packages. If the assumption that
sand/aggregate would be taken from pit 30 would change then a proposed borrow site needs to
be identified alone with the location and distance.

Tnis can be
made in the

Table 6 Transportation of Other Construction
done using the construction resources data from table 2
WHC Engineering data package for No Separations.

Material
above and the assumptions

OPERATION
- Table 7 Operatinaersonnel Requirements (FTEs)

Operating Total 199 199_ __ - _
Personnel

Nonexempr
Rad Worker
Nonrad Worker

Exempt + BU
Rad Worker
Nonrad Worker

Total

Operating personnel requirements should include startup, hot operations, and D&D. Staffing
levels need to be input into socioeconomic model on an annual staffing level. Personnel
requirements would be ideally shown on an annual level but showing total levels with
clarification to allow the data to be broken down would be acceptable.
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Table 8 Operating Resoufce Requirements

Resource -'Quantity

Land (hecrares) committed .ermanendy

Water (m3)
Raw
Sanitary

Energy
Electrical (GWhIyr)
Other (specify)

Materials
Glass formers
Process Chemicals (specify)
Steel -1oE.
Concrete ----. qi.? W x vlazazL

Note: For the alternatives in the WHC engineering data package it was assumed that the waste
treatment facilities would be contaminated following treatment and the land area that they
occupied would be permanently committed.

Table 9 Nonradiological Operating Emissions

Item Quantity

Particulate (kg)

VOC (specify)

Toxic Air Pollutants
(WAC 173-460) specify

NOX
SOx

CO
Note: These emissions are used as input to the air dispersion model. These emissions
quantities are broken down into hourly and daily emission rates and divided by stack gas
volumetric flow rate to develop concentrations. -
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Table 9 Radiological Operafing Emissions (Ci)

Radionuclide Air xater

Specify

Table 11 Operating Emissions Release Parameters

Item Quantity

Stack
Height
Location
Stack gas flow rate (std m3/sec) -

Stack exit area or exit velocity

Water emissions
Volume
Disposition

Table 12 Decontamination and Decommissioning of Facilities

Item Contaminated Non-Contaminated

Steel

Concrete

Soil

Debris
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Table 13 Overall Cost Comp6nen: (1995 dollars)

Cost Component Quantity

Capital

Operating

Monitoring and Maintenance

Decontamination and Decommissioning

Research and Development

Total

Noce: Cost estimate should be made relative to the vitrification option.

OA-v1*
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Summary of mass balance for calciner and comparision to mass balance table in Appendix A
of Westinghouse data package for Ex Situ Vitrification No-Separations

Feed to Calciner Compared to Feed to Glass Mlter

Phase Species Calciner Glass Melter
kg Stream #406
I I kg

Total Mass 4.91 E+08 4.26E+08
Water 2.55E+08 a 2.23E+08

Liquid NaNO3 1.45E+08 1.45E+08
NaNO2 1.43E+07 1.43E+07
NaOH 1.52E+07 1.52E+07
TOC 1.42E+06 1.42E+06

C121122011 3.28E+07 b 0.00E+00
Other Dissolved Solids 2.89E+07 2.71E+07

Total Mass 1.94E+07 3.07E+07 C
Solid TOC 1.16E+05 i.16E+05

- Other Solids 1.93E+07 3.06E+07
a. Assumes 50% weight total sclds to caldiner
b.. Sugar (C121122011) added to mix tank prior to calciner
c. Mass includes recycle of glass fines to melter

Steam to Feed Atomizer

eria pseg saturated steam .E+08k
l lr no direct steam feed 0.03E+00 kg

Oxygen Gas

Keleher jogen feed to calcnier t.4E+07 kg
Ola33 MerI Stream #409 1 1.85E+08 kg b
a.; Oxygen for calciner reactions only. Does not Include oxygen required for kerosene fuel
combustion which occurs outside of calciner reactor and does not enter calciner mass balance.

b. Includes oxygen required for kerosene fuel combustion.

Kerosene Liquid

lCalciner I no direct feed 0.OOE+00 a
lass Melter I Stmam # 408 5.ZIE+07 kg

a. Kerosene combustion occurs outside of calciner reactor and does not enter calciner
mass balance
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Glass Formars

j~lnmr ot Required 0-04O 11kgf
Melter Steam4072.50E+08

Off-Gas for Calciner Compared to Off-Gas for Glass Metter

Note: Only species in table considered. No estimate made for another off-gas
components.

) From oxidation of TOC in feed.
4 f No estimate made of change from glass metter number.

Solids Discharge for Calciner Compared to Solids Discharge for Glass Malter

dRier Calcined Salts 1.68E+08
lass Melter Stream*411 3.65E+08 k

- - t -

I 0

TOTAL P.03

Species Calciner Glass Melter
kg Stream # 410

Water 5.15E+08 -24E+- P
N02 4A1E+07 1.35E+07
NO 2.88E+07 3.20E+05

C02 5.72E+06 Z.fr .2.81W48-/, Zi/$
S02 1.36E+06 t] 1.36E+06



Sugar Denitrification
TWRS EIS

The term "sugar denitrification" can be used to refer to two different processing
scenarios. The first refers to the use of sugar to destroy nitric acid, HNO3 . The

second refers to the use of sugar during calcination to change other anions into
carbonates.

Nitric Acid Destruction.
For the destruction of nitric acid, the reaction considered most likely to take place is as
follows:

C12H22011 + 24HN0 3 = 12CO2 + 12NO + 12NO2 + 23H20

Other substances such as formaldehyde have been used at Hanford to destroy nitric
acid. From the dates of references it can be-inferred that the reaction of nitric acid
with formaldehyde was investigated from_ 1954to 1963. Then in 1962 several
investigators began looking at the concept-of using sugar in place of formaldehyde.
The laboratory and pilot plant work indicated that-.sugar could be successfully used to
destroy the excess nitric acid in the Purexywastestreams. The investigators did not
indicate the point in the overall Purex process where the sugar was to be added. The
reports do not indicate that sugar was ever used in place of formaldehyde, but stated
that results indicated that such a substitution could be successful.

Although chemical reactions can be written for it, it is unlikely that sugar
denitrification could be used to destroy the sodium nitrate which presently exists in the
tank wastes as a result of neutralizing the excess nitric acid with sodium hydroxide. In
neutral or basic solutions such as the Hanford tank wastes the nitrate anion is a very
weak oxidizing agent. Any potential denitrification of the existing tank wastes will be
hindered by the fact that one of the reaction products from adding sugar to tank wastes
is sodium hydroxide, which is present in large excesses to help prevent corrosion of the
steel tnks. For this reason the TPA and No Separations alternatives do not include the
addition of sugar in their flowsheets and process descriptions. Where sugar
denitrification can be probably used in an ex-situ alternative is that part of the
Extensive Separations alternative that processes acidic solutions. In the preliminary
flowsheets for Extensive Separations, sugar denitrification is used to destroy nitric
acid, prior to further processing.

Sugar Calcination.
The second use of sugar, as a reactant during calcination, does not appear to have been
investigated or used on a large scale. Reactions can be written for the reaction of sugar
with nitrate, nitrite and hydroxide, converting these anions into carbonates. For nitrate
the reaction can be written:



C12H22011 + 24NaNO3 = 12Na2 CO3 + 12NO + 12NO2 + 11H 2 0

For nitrite conversion oxygen is required as shown in the following equation:

C12H22011 + 24NaNO2 + 1202 = 12Na2 CO3 + 12NO + 12NO2 + 11H20

Likewise for hydroxyl conversion, oxygen is required as shown by the following
equation:

C12H220 11 + 24NaOH + 1202 = 12Na2 CO3 + 23H 20

From thermodynamic considerations (Gibbs free energies) one would postulate that the
above chemical reactions would very likely proceed to completion. The kinetics of
these reactions would be aided by high temperatures such as those that occur during
calcination processing. While it is difficult to state the exact temperature required for
calcination, it would likely be in the 400-600*C range. Sodium bicarbonate melts at
8510C, sodium nitrate at 3089C, sodium nitrite.at 2710C and sodium hydroxide at
328*C.

One can make an estimate of the products of calcining the tank wastes with sugar. The
starting point for this estimate is the feed stream-from retrieval and transfer of the tank
contents. Reference to the mass balances given in the TPA (and No Separations) data
package shows that over the life of the plant the total mass flow of liquid components is
710,000 metric tons (MI). The total mass flow of solid components is 19,400 MT.
Of the liquid components, 507,000 MT are water and 1,420 MT are total organic
carbon (TOC). The remaining dissolved solids are 99% sodium compounds and 1%
other compounds, including dissolved radionuclides. Table 1 below shows the weights
and percentages of the sodium compounds.

Table 1. Sodium
Compounds in Feed Stream

Sodium Compound Weight (MT) Percent of Compounds
NaNO3  145,350 72.6
NaN 2 14,283 7.1
NaOH 15,160 7.6
Na2SO 4  2,984 1.5
Na2 CO3  5,936 - 3.0
Na3 PO4  4,428 2.2

Na4AI(OH) 4  9,537 4.8
NaF 2,478 1 1.2

'KP



The first three compounds listed are the ones for which chemical reactions have been
written. Reactions were not written for the remaining compounds since they comprise
a minor portion of the dissolved sodium compounds.

Based on the reactions that have been written, it is possible to calculate the weight of
sugar to be added to form carbonates, and also to calculate the weight of sodium
carbonate that would be formed. This assumes the reactions require no excess sugar to
go to completion. Table 2, below shows the reactant compounds, the sugar required,
and the sodium carbonate that would ideally be produced.

Table 2. Sugar
Consumption & Na2 CO3
Production

Reacting Compound Sugar Required (MT) Na2 CO3 Formed (MT)
NaNO3  24,370 90,630

NaNO2  2,950 10,970

NaOH 5,400 ~ 20,090
Totals 32,720 121,690

By adding the weight of sodium carbonati that is jroduced to the weights of the other
solid components in the feed stream (and subtracting those substances that are
volatilized), one can calculate the weight of final product from the sugar calcination.
Table 3 below shows a comparison of the weight of final product from sugar
calcination with the weight of vitrified product shown in the data package for No
Separations.

Table 3. Comparison of
Final Products.

No Pretreatment
Vitrified Product (MT)

357,000

The results of these preliminary calculations indicate that weight of the final product of
-sugar calcination is roughly 46% of the weight of final glass product from No

Calcination
Solid Product Weight (MT)
Na2CO3 121,690
Na2SO 4  2,980
Na2CO3(present originally) 5,940
Na3PO4  4,430
Na4 A](OH)4  9,540 .

NaF 2,480
Solid Components 19,400 - -
TOC (from solid comp.) -120

|
Total 166,340
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Separations. This would indicate that there are potential decreases in the amount of
final product from the treatment of the liquid portion of the tank wastes. The solid
portion of the tank wastes may also react with sugar during calcination, however this
preliminary estimate did not consider any changes in the solids.

There are a number of unresolved issues that remain for sugar calcination. Among
these are the following:
1. The final form of the treated wastes from sugar calcination is primarily a mixture

of sodium carbonate and calcined solids. The sodium carbonate is certainly water
soluble, and the calcined solids may have been rendered more soluble by high
temperature reactions. Calcination is commonly used on mineral products to
render them more amenable to further hydrometallurgical processing. The
protection for the calcined tank wastes is then ultimately the container that they are
sealed into. So while the tank wastes have been reduced in volume, the final
product is immobilized to the extent that the external container remains secure.
There are no NRC requirements in 1OCFR60 that require a high level waste form
to be a glass. A waste that is in solid form-in sealed containers, that is non-
combustible and with particulates consolidated to limit availability and particulate
generation appears to meet the NRC waste form criteria. A Waste Form
Acceptance Systems Requirements Document'(WASRD) has been generated for the
geologic repository, but a Waste Acceptance Criteria (WAC) is not yet available.
The cesium chloride capsules represefit a sinilar situation where a soluble product
is sealed in a container. The question of repository acceptance appears to be some
time in the future.

2. While the reactions of tank waste components with sugar to form sodium carbonate
can be written and quantified, there is no evidence that there will not be practical
problems in the calcination process that cannot be overcome. Unresolved safety
issues would certainly be among the first to be resolved. The calcination process
involves the heating of a fuel (sugar) with an active oxidizing agent (sodium
nitrate). Under the proper circumstances the fuel and oxidizer may react with
explosive violence. While this possibility would not rule out consideration of sugar
calcination as a suboption in the TWRS EIS, it would place it in the category of
potential but unproven technology.

One conclusion to be drawn regarding the TWRS EIS is that the exclusion or inclusion
of sugar calcination as a waste processing technology should have minimal changes in
the expected environmental impacts. The wastes must still be retrieved and
transferred; a processing facility must still be constructed and operated; that processing
facility will still emit roughly the same quantities of gaseous effluents; disturbed areas
for borrow material will remain unchanged; groundwater modeling would be largely
unaffected, and wastes must still be transported to the geologic repository.

Previous Calcination Studies
Appendix I of the Technical Options Report provides a preliminary analysis of a
process that calcined the tank wastes. Thisjaformation should be used very cautiously
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since this process was not sugar calcination. Instead it was a process which calcined
the plant feed directly to sodium hydroxide in fluid bed calciners, treated the gas
stream for nitrogen oxides, Tc-99, and added lime to precipitate sulfur oxides in the
calciner. Lime was also added later to capture C-14 as the carbonate. Since carbon
could not be added in the fuel to the calciner, hydrogen and oxygen were used as the
primary fuels. Calcining took place in 60 fluid bed calciners, each of which produced
about one ton/day of calcined product. The use of so many small units may have been
postulated to solve the problem of scaling the process up to larger calciners. It
certainly solved the problem of installed spares. The final product was placed in
nodular iron (not stainless steel ) casks for disposal. While the filling and sealing of
the casks does not depend on the material of construction, acceptance of nodular iron at
the geologic repository is very questionable.
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CALCINATION DATA FOR TIE TWRSWEIS

Te followin ir'trmadon is requested for use in assessing the environme.al impacs associate: wz4 t e
No SepvLartios Calcination subalrernative.

1.0 SCOPE
Calcination is one of two optional wasm treatment technologies being evaluated for the No Separations
subalkernative in the TWRS EIS. No Separations refers to an alternative that would remove as much of
the waste from the tanks as practicable (assumed to be 99%) and treat all of the retrieved waste. classified
as high-level waste. for disposal at the proposed national high-level waste repository.

The retrieved waste would not separate waste into LLW and HLW streams. The single-shel! tank wastes
and double-shell tank wastes would be blended as necessary. Blended waste would be classified as HLW
and calcined in a single treatment facility. The calcined wastes would be placed into Hanford Site
canisters, which would then be placed into overpack shielding casks. The casks would be held on interim
site storage pads to await shipment to a permanent HLW repository for final disposal.

The HLW calcination plant is very similar to the HL\ virificadon plant described in the No Separations
(Vitrification) subalternative data package.

The calcination option described in this data package proviaes for the following:
- Receive wastes from the waste retrieval and transfer function:
- Calcines the waste stream using sugar as d reducirig agent to yield a dry waste steam that is mainly

carbonates:
- Treats the off-gas steam from the calciner providing overall DFs for constituents of concern that

are approximately the same as those in the vinrificarion opdon:
* Collects liquid effluents for batch wtansfer to the Liquid Effluent Treannent Facility:
- Produces calcined waste in Hanford Site canisters; and
- Onsite interim storage of the entire calcined waste volume pending shipment to the proposed

national repository.

2.0 SOURCES OF INFORMATION
Idernify idbrmadion sorwces used in develoning data.

3.0 ASSUMPTIONS USED IN DEVELOPING THE DATA

Assume the same schedule as the vitrificadon odon
.Assume the same plant operating efficiency (60%) and capacity factor (60%)
Assume the same innut
Similar levels of air polludon control
Assume similr size of a canister for the calcined product as the vitrifed waste (1.67 m dia x 4.57
meters high)

4.0 DISCUSSION
4-1 CONSTRUCTION
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Descrikpion oC -te facilities dth wM!! be cons:cted-zcudirg te
Facility ;ooct orits

Construcdon schedule- Assume te same construction schedule as the No Senaracions vitication
data oackag*

Location of the facilities and sicing information will be assumed to be the same as the vitrification
option

4.2 OPERATION
Operating schedule assumed to be the same as vitrification:
Characteristics of material to be processed - use vitrification data package material balance stream
number I as a plant input:
Characteristics of treated waste:
Volume of treated waste:
Size of the required interim storage facility assuming that the same 10 m3 container will be used
for the calcined waste:
Process flow diagram and description,
Potential increases or decreases or changes in characteristics of secondary waste streams or
incidental waste volumes from the vitrification option;

4.3 POST REMEDIATION
Assume that post remediation activities would be the same as the vitrification option.

5.0 DATA

Note: provide footnotes to tables as a means to explain data.
Provide one set of backup calculations made to develop data presented in tables.
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Table I Wasze Form Volume and Average RadionucUde Inventorv

Radionuctide 1nvenzory Curies in Waste torm

(should be the same as vrcation)

Total Waste Volume (m3)

CONSTh T CrTnN

Table 2 Construction Personnel Requirements (FTEs)

Activity ITotal 1199
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Table 3 Construction Resoirce Requirements

Construction Resource Quantity

Land (hectares)
Surface Committed Temporarily

Water

Energy
Electricity (Gwh)
Diesel Fuel (liters)
Gasoline (liters)

Materials
Concrete (m3)

Cement (m3)
Sand (m3)
Aggregate (m3)

Steel .
Carbon Steel (mt) -

Stainless Steel (mt)

Earthen Borrow Material (m3)
Sand
Aggregate
Other (specify)

Table 4 Nonradiological Construction Emissions

Construction Emission Pollutant Quantity

Exhaust Particulate PM-10 (kg)

SOx (as SO2) kg .

NOx (as NO2) kg

Hydrocarbons, kg

Aldehydes, kg

CO, kg

Fugitive Dust, kg

Note: This data should be scaled from the vitrification option based on projected facility size.
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Table 5 Transportation of Earthen B6rrow Construction Material
Tris can ce calcu!aed usin the volume of borrow identified in the COnSrdCttOf :esouZ:e tIOlt
and using the same assumotdons as the WHC dnta packages. If the assumption that
sand/aggregate would be taken from pit 30 would change then a proposed borrow site needs to

be identified along with the location and distance.

Table 6 Transportation of Other Construction Material
This can be done using the construction resources data from table 2 above and the assumptions
made in the WHC Engineering data package for No Separations.

fPWR ATTN
Table 7 Operating Personnel Requirements (FTEs)

Operating personnel requirements should include startup, hot operations, and D&D. Staffing
levels need to be innut into socioeconomic model on an annual staffing level. Personnel
requirements would be ideally shown on an annual level but showing total levels with
clarification to allow the data to be broken down would be acceptable.

Operating Total 199 199 _
Personnel

Nonexempt
Rad Worker
Nonrad Worker ..

Exempt + BU
Rad Worker
Nonrad Worker

Total
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Table 8 Operatinz Resource Raouirements

Resource Quanrir;

Land (hectares) committed ermanently

Water (m3)
Raw
Sanitary

Energy
Electrical (GWh/yr)
Other (specify)

Materials -
Glass formers
Process Chemicals (specify)
Steel - .o q
Concrete - .9.g- aS

Note: For the alternatives in the WHC engineering data package it was assumed that the waste
treatment facilities would be contaminated following ireatment and the land area that they
occupied would be permanently committed.

Table 9 Nonradiological Operating Emissions

Item Quantity

Particulate (kg)

VOC (specify)

Toxic Air Pollutants
(WAC 173-460) specify

Nox

Sox

CO
Note: These emissions are used as input to the air dispersion model. These emissions
quantities are broken down into hourly and daily emission rates and divided by stack gas
volumetric flow rate to develop concentrations. -
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Table 9 Radioloeical Ooeraiing Emissions (Ci)

Radionuclide Ax Water

Specie'I____________y _____________

Table 11 Operating Emissions Release Parameters

Item Quantity

Stack
Height
Location
Stack gas flow rate (std m3/sec) -

Stack exit area or exit velocity

Water emissions
Volume
Disposition

Table 12 Decontamination and Decommissioning of Facilities
Item Contaminated Non-Contaminated

Steel

Concrete

Soil

Debris



Atfe ztL .
Left fos y-1b Ld 9'

P- e - A-r

Table 13 Overall Cost Comp6nen: (1995 dollars)

Cost Cornnonenr Quantity

Capital

Ooerating

Monitoring and Maintenance

Decontamination and Decommissioning

Research and Development

Total

Note: Cost estimate should be made relative to the vitrification option.
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Summary of mass balance for calciner and comparision to mass balance table In Appendix A
of Westinghouse data package for Ex Situ Vltrification No-Separaffons

Food to Calciner Compared to Feed to Glass Melter

Phase Species Calciner Glass Melter
kg Stream #406
I I kg

Total Mass 4.91E+08 4.26E+08
Water 2.55E+08 a 2.23E+08

Liquid NaNO3 1.45E+08 1.46E+08
NaNO2 1.43E+07 1.43E+07
NaOH 1.52E+07 1.52E+07
TOC 1.42E+06 1.42E+06

C12H22011 3.28E+07 b 0.00E+00
Other Dissolved Solids 2.69E+07 2.71E+07

Total Mass 1.94E+07 3.07E+07 c
Solid TOC 1.16E+05 1.16E+05

Other Solids 1.93E+07 3.06E+07
a. Assumes 50% weight total solids to calalner
b. Sugar (C121-122011) added to mix tank prior to calciner
c. Mas includes recycle of glass fines to nefter

Steam to Feed Atomizer

lacner 50 psig saturated steam 2.55E+08 kg
j~la Meler I no, direct steam feed j 0.00E+00 kg

Oxygen Gas

Caiciner oxygen feed to calciner 1.04E+07 kg a
GI1m3 Matter Stream # 409 1.85E+05 kg b
a. Oxygen for calciner reactions only. Does not Include oxygen required for kerosene fuel
combustion which occurs outside of calciner reactor and does not enter calciner mass balance.

b. Includes oxygen required for kerosene fuel combustion.

Kerosene Liquid

alciner no direct feed 0.00E+00 kg a
Glass Melter Stream # 408 .21E+07 kg
a.1 Kerosene combustion occurs outside of calciner reactor and does not enter calciner
mass balance
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Ginss Formers

Calciner Not Required .0E+00 ' kg
Glass Metter Stream-*407 2.50E+08 kg

Off-Gas for Calliner Compared to Off-Gas for Glass Melter

Note: Only species in table considered. No estimate made for another off-gas
components.

.-e--non-a;ularaI rr"' 'rru m'nrnnr: .

'e From oxidation of TOC In feed.
No estimate made of change from glass melter number.

Solids Discharge for Calciner Compared to Solids Discharge for Glass Metter

Celcined Salts 1.68E+08
fass Meltr Stream*411 I 3.86E+06

g~gog-5.

//f *11

TOTAL P.03

Species Calciner Glass Melter
kg Stream # 410

kg
Water 5.16E+08 -2-28E+-B ,.
N02 4A1E+07 1.35E+07
NO 2.88E+07 3.20E+05

C02 5.72E+06 C.Ax .2JAmai-/. 4,10
802 1.36E+06 6 , _ _ 1.36E+06
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Sugar Denitrification
TWRS EIS

The term "sugar denitrification" can be used to refer to two different processing
scenarios. The first refers to the use of sugar to destroy nitric acid, HNO3 . The

second refers to the use of sugar during calcination to change other anions into
carbonates.

Nitric Acid Destruction.
For the destruction of nitric acid, the reaction considered most likely to take place is as
follows:

C12H22011 + 24HN0 3 = 12CO2 + 12NO + 12NO2 + 231120

Other substances such as formaldehyde have been used at Hanford to destroy nitric
acid. From the dates of references it can beinferred that the reaction of nitric acid
with formaldehyde was investigated from 1954_to 1963. Then in 1962 several
investigators began looking at the concept-of using sugar in place of formaldehyde.
The laboratory and pilot plant work indicated tbat-.sugar could be successfully used to
destroy the excess nitric acid in the Purexyastq streams. The investigators did not
indicate the point in the overall Purex process where the sugar was to be added. The
reports do not indicate that sugar was ever used in place of formaldehyde, but stated
that results indicated that such a substitution could be successful.

Although chemical reactions can be written for it, it is unlikely that sugar
denitrification could be used to destroy the sodium nitrate which presently exists in the
tank wastes as a result of neutralizing the excess nitric acid with sodium hydroxide. In
neutral or basic solutions such as the Hanford tank wastes the nitrate anion is a very
weak oxidizing agent. Any potential denitrification of the existing tank wastes will be
hindered by the fact that one of the reaction products from adding sugar to tank wastes
is sodium hydroxide, which is present in large excesses to help prevent corrosion of the
steel tanks. For this reason the TPA and No Separations alternatives do not include the
addition of sugar in their flowsheets and process descriptions. Where sugar
denitrification can be probably used in an ex-situ alternative is that part of the
Extensive Separations alternative that processes acidic solutions. In the preliminary
flowsheets for Extensive Separations, sugar denitrification is used to destroy nitric
acid, prior to further processing.

Sugar Calcination.
The second use of sugar, as a reactant during calcination, does not appear to have been
investigated or used on a large scale. Reactions can be written for the reaction of sugar
with nitrate, nitrite and hydroxide, converting these anions into carbonates. For nitrate
the reaction can be written:
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C12H22011 + 24NaNO3 = 12Na2 CO3 + 12NO + 12NO2 + 11H2 0

For nitrite conversion oxygen is required as shown in the following equation:

C12H22011 + 24NaNO2 + 1202 = 12Na2 CO3 + 12NO + 12NO2 + 11H 2 0

Likewise for hydroxyl conversion, oxygen is required as shown by the following
equation:

C12HI2201 + 24NaOH + 1202 = 12Na2 CO3 + 23H2 0

From thermodynamic considerations (Gibbs free energies) one would postulate that the
above chemical reactions would very likely proceed to completion. The kinetics of
these reactions would be aided by high temperatures such as those that occur during
calcination processing. While it is difficult to state the exact temperature required for
calcination, it would likely be in the 400-600*C range. Sodium bicarbonate melts at
851*C, sodium nitrate at 3080C, sodium nitrite.at 271*C and sodium hydroxide at
3280C.

One can make an estimate of the productsof calcining the tank wastes with sugar. The
starting point for this estimate is the feed streamfrom retrieval and transfer of the tank
contents. Reference to the mass balances given in the TPA (and No Separations) data
package shows that over the life of the plant the total mass flow of liquid components is
710,000 metric tons (MT). The total mass flow of solid components is 19,400 MT.
Of the liquid components, 507,000 MT are water and 1,420 MT are total organic
carbon (TOC). The remaining dissolved solids are 99% sodium compounds and 1%
other compounds, including dissolved radionuclides. Table 1 below shows the weights
and percentages of the sodium compounds.

Table 1. Sodium
Compounds in Feed Stream

Sodium Compound Weight (MT) Percent of Compounds
NaNO3  145,350 72.6

NaN2 14,283 7.1

NaOH 15,160 7.6
Na2 SO 4  2,984 1.5

Na2 CO 3  5,936 . 3.0
Na3 PO4  4,428 2.2

Na4 AI(OH)4  9,537 4.8

NaF 2,478 1.2
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The first three compounds listed are the ones for which chemical reactions have been
written. Reactions were not written for the remaining compounds since they comprise
a minor portion of the dissolved sodium compounds.

Based on the reactions that have been written, it is possible to calculate the weight of
sugar to be added to form carbonates, and also to calculate the weight of sodium
carbonate that would be formed. This assumes the reactions require no excess sugar to
go to completion. Table 2, below shows the reactant compounds, the sugar required,
and the sodium carbonate that would ideally be produced.

Table 2. Sugar
Consumption & Na2 CO3
Production

Reacting Compound Sugar Required (MT) Na2CO3 Formed (MT)
NaNO3 24,370 90,630

NaNO2 2,950 . 10,970
NaOH 5,400 - 20,090
Totals 32,720 121,690

By adding the weight of sodium carbonatg that is produced to the weights of the other
solid components in the feed stream (and subtracting those substances that are
volatilized), one can calculate the weight of final product from the sugar calcination.
Table 3 below shows a comparison of the weight of final product from sugar
calcination with the weight of vitrified product shown in the data package for No
Separations.

Table 3. Comparison of
Final Products.

No Pretreatment
Vitrified Product (MT)

357,000

The results of these preliminary calculations indicate that weight of the final product of
-sugar calcination is roughly 46% of the weight of final glass product from No

Calcination
Solid Product

, -

Weight (MT)
Na2CO3 121,690
Na2SO 4  2,980

Na2CO3 (present originally) 5,940
Na3PO4  4,430
Na4 A(OH)4  9,540 .

NaF 2,480
Solid Components 19,400
TOC (from solid comp.) -120

ITotal 166,340
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Separations. This would indicate that there are potential decreases in the amount of
final product from the treatment of the liquid portion of the tank wastes. The solid
portion of the tank wastes may also react with sugar during calcination, however this
preliminary estimate did not consider any changes in the solids.

There are a number of unresolved issues that remain for sugar calcination. Among
these are the following:
1. The final form of the treated wastes from sugar calcination is primarily a mixture

of sodium carbonate and calcined solids. The sodium carbonate is certainly water
soluble, and the calcined solids may have been rendered more soluble by high
temperature reactions. Calcination is commonly used on mineral products to
render them more amenable to further hydrometallurgical processing. The
protection for the calcined tank wastes is then ultimately the container that they are
sealed into. So while the tank wastes have been reduced in volume, the final
product is immobilized to the extent that the external container remains secure.
There are no NRC requirements in 1OCFR60 that require a high level waste form
to be a glass. A waste that is in solid form-in sealed containers, that is non-
combustible and with particulates consolidated to limit availability and particulate
generation appears to meet the NRC waste form criteria. A Waste Form
Acceptance Systems Requirements Documenif(WASRD) has been generated for the
geologic repository, but a Waste Acceptance Criteria (WAC) is not yet available.
The cesium chloride capsules represent a sinjilar situation where a soluble product
is sealed in a container. The question of repository acceptance appears to be some
time in the future.

2. While the reactions of tank waste components with sugar to form sodium carbonate
can be written and quantified, there is no evidence that there will not be practical
problems in the calcination process that cannot be overcome. Unresolved safety
issues would certainly be among the first to be resolved. The calcination process
involves the heating of a fuel (sugar) with an active oxidizing agent (sodium
nitrate). Under the proper circumstances the fuel and oxidizer may react with
explosive violence. While this possibility would not rule out consideration of sugar
calcination as a suboption in the TWRS EIS, it would place it in the category of
potential but unproven technology.

One conclusion to be drawn regarding the TWRS EIS is that the exclusion or inclusion
of sugar calcination as a waste processing technology should have minimal changes in
the expected environmental impacts. The wastes must still be retrieved and
transferred; a processing facility must still be constructed and operated; that processing
facility will still emit roughly the same quantities of gaseous effluents; disturbed areas
for borrow material will remain unchanged; groundwater modeling would be largely
unaffected, and wastes must still be transported to the geologic repository.

Previous Calcination Studies
Appendix I of the Technical Options Report provides a preliminary analysis of a
process that calcined the tank wastes. This information should be used very cautiously.
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since this process was not sugar calcination. Instead it was a process which calcined
the plant feed directly to sodium hydroxide in fluid bed calciners, treated the gas
stream for nitrogen oxides, Tc-99, and added lime to precipitate sulfur oxides in the
calciner. Lime was also added later to capture C-14 as the carbonate. Since carbon
could not be added in the fuel to the calciner, hydrogen and oxygen were used as the
primary fuels. Calcining took place in 60 fluid bed calciners, each of which produced
about one ton/day of calcined product. The use of so many small units may have been
postulated to solve the problem of scaling the process up to larger calciners. It
certainly solved the problem of installed spares. The final product was placed in
nodular iron (not stainless steel ) casks for disposal. While the filling and sealing of
the casks does not depend on the material of construction, acceptance of nodular iron at
the geologic repository is very questionable.
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CALCINATION DATA FOR TE TWRSEIS

Te followine infor-a"don is recuested for use in assessiwg the eavironme-nl £rpa:£s associad wjcn
No Scoarations Ca-c nadon subalternative.

1.0 SCOPE
Calcination is one of two optional waste treatment technologies being evaluated for the No Separadons
subalternadve in the TWRS EIS. No Separations refers to an alternative that would remove as much of
the waste from the tanks as practicable (assumed to be 99%) and treat all of the retrieved waste. classified
as high-level waste, for disposal at the proposed national high-level waste repository.

The retrieved waste would not separate waste into LLW and HLW streams. The single-shell rank wastes
and double-shell tank wastes would be blended as necessary. Blended waste would be classified as HLW
and calcined in a single treatnent facility. The calcined wastes would be placed into Hanford Site
canisters, which would then be placed into overpack shielding casks. The casks would be held on interim
site storage pads to await shipment to a permanent HLW repository for final disposal.

The HLW calcination plant is very similar to the HL\Y vitrification plant described in the No Separations
(Vitrification) subalternative data package.

The calcinadon option described in this dam package provides for the following:
- Receive wastes from the waste retrieval and transfer function:
* Calcines the waste stream using sugar as ' reducirig agent to yield a dry waste steam that is mainly

carbonates;
- Treats the off-gas stream from the calciner providing overall DFs for constituents of concern that

are approximately the same as those in the vitrification option:
- Collects liquid effluents for batch transfer to the Liquid Effluent Treatment Facility:
- Produces calcined waste in Hanford Site canisters: and
- Onsite interim storage of the entire calcined waste volume pending shipment to the proposed

national repository.

2.0 SOURCES OF INFORNATION
Identify informaion sources used in developing data.

3.0 ASSUMPTIONS USED IN DEVELOPING TBE DATA

Assume the same schedule as the vitrification ontion
- Assume the same plant operating eficiency (60%) and capacity factor (60%)
Assume the same input
Similar levels of air pollution control
Assume simila size of a canister for the calchied product as the vitrified was-e (1.67 m dia x 4.57
meters high)

4.0 DISCUSSION
4.1 CONSTRUCTION-
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Descrpt;okn or me factiMes that wET' be cons cc 4tr c!udirg ", ra.-' ;nqror a5
Facility 6ot pri"s

Construaion s:hedule- Assume the same construction schedute as th No Separaions =2.i10i7o-

data oackae
Location of the facilities an siting information will be assumed to be the same as the vicriflcadon

option

4.2 OPERATION
Operating schedule assumed to be the same as vitrifcation:
Characteristics of material to be processed - use vitrification data package material balance scream
number 1 as a plant innut:
Characteristics of treated waste:
Volume of treated waste:
Size of the required interim storage facility assuming that the same 10 m3 container will be used
for the calcined waste;
Process flow diagram and description;
Potential increases or decreases or changes in characteristics of secondary waste screams or
incidental waste volumes from the vitrification option;

4.3 POST REMEDIATION
Assume that post remediation activities would be the same as the vitrification option.

5.0 DATA

Note: provide footnotes to tables as a means to explain data.
Provide one set of backup calculations made to develop data presented in tables.
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Table I Waste Form Volume and Average Radiouucide Inventorv

Radionuclida lnvenory Curies in Was:e -orm

(should be the same as viwiflcatdon)

Total Waste Volume (m3)

CONST T TCTTOh

Table 2 Construction Personnel Requirements (FTEs)

Activity Total 199 II
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Table 3 Construction Resodrce Requirements

Consmrucioi Resource QU"nrIdv

Land (ectaies)
Surface Committed Temporarily

Water -

Energy
Electricity (Gwh)
Diesel Fuel (liters)
Gasoline (liters)

Materials
Concrete (m3)

Cement (m3)
Sand (m3)
Aggregate (m3)

Steel
Carbon Steel (mt)
Stainless Steel (Int)

Earthen Borrow Material (m3)
Sand
Aggregate
Other (specify)

Table 4 Nonradiological Construction Emissions

Construction Emission Pollutant Quantity

Exhaust Paticulate PMv- 10 (kg)

SOx (as SO2) kg.

NOx (as NO2) kg

Hydrocarbons, kg

Aldehydes, kg

CO,lcg - -

Fugitive Dust, kg
Note: This data should be scaled from the vitrification option based on projected facility size.
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Table 5 Transoortation of Earthen B6rrowv Construction Material
This can be calculated using the volume of borrow idencified in the consruction resourze table
and using the same assumptions as the WHC data packages. If the assumption hat
sand/aggregate would be mken from nit 30 would change then a proposed borrow sire needs to
be identified along with the location and distance.

This can be
made in the

Table 6 Transportation of Other Construction
done using the construction resources data from table 2
WHC Engineering data package for No Separations.

Material
above and the assumptions

Table 7 Operating Personnel Requirements (FTEs)

Operating Total 199 199
Personnel

Nonexempt
Rad Worker
Nonrad Worker

Exempt + BU
Rd Worker
NoRad Worker

Total L__ _ I__ ____ __ __

Operating personnel requirements should include startup, hot operations, and D&D. Staffing
levels need to be innut into socioeconomic model on an annual staffing level. Personnel
requirements would be ideally shown on an annual level but showing total levels with
clarification to allow the data to be broken down would be acceptable.
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Table 8 Operating Resource R.ouirements

Resource Quantity

Land (neacares) commi ed permanently . .

Water (m3)
Raw
Sanitary

Energy
Electrical (GWh/yr)
Other (specify)

Materials
Glass formers
Process Chemicals (specify)
Steel . 1 .Oi L
Concrete - 9. ES Kazr-az.

Note: For the alternatives in the WHC engineering data package it was assumed that the waste
treatment facilities would be contaminated following ireatment and the land area that they
occupied would be permanently committed. -

Table 9 Nonradiological Operating Emissions

Item Quantity

Particulate (kg)

VOC (specify)

Toxic Air Pollutants
(WAC 173-460) specify

NOx

sox

CO
Note: These emissions are used as input to the air dispersion model. These emissions
quantdies are broken down into hourly and daily emission rates and divided by stack gas
volumetric flow rate to develop concentrations. -
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Table 9 Radiolosical Ooeraiin2 Emissions (Ci)

RadionUclide Air Water

Specify

Table 11 Operating Emissions Release Parameters

Item Quantity

Stack
Height
Location
Stack gas flow rate (std m3/sec) - -

Stack exit area or exit velocity

Water emissions
Volume
Disposition

Table 12 Decontamination and Decommissioning of Facilities

Item Contaminated Non-Comaminated

Steel

Concrete

Soil

Debris

Jr
r
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Table 13 Overall Cost Comp6nen: (1995 dollars)

Cost Component Quantity

Capital

Overating
Monitoring and Maintenance

Decontamination and Decommissioning

Research and Development -

Total

Note: Cost estimate should be made relative to the vitrification option.
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Summary of mass balance for calciner and comparision to mass balance table in Appendix A
of Westinghouse data package for Ex Situ Vitrification No-Separations

Feed to Calcinor Compared to Feed to Glass Molter

Phase Species Calciner Glass Melter
kg; Stream #406

kg
Total Mass 4.91 E+08 4.26E+08

Water 2.55E+08 a 2.23E+08
Liquid NaNO3 1.45E+08 1.46E+08

NaNO2 1.43E+07 1.43E+07
NaOH 1.52E+07 1.52E+07
TOC 1.42E+06 1.42E+06

C12H22011 3.28E+07 b 0.00E+00
- Other Dissolved Solids 2.69E+07 2.71E+07

Total Mass 1.94E+07 3.07E+07 c
Solid TOC 1.16E+05 1.16E+05

Other Solids 1.93E+07 3.06E+07

a. Assumes 60% weight total solids to calciner
b.. Sugar (C121-122011) added to mix tank prior to calciner
c. 'Mass Includes recycle of glass fines to nemter

S/r,. //
'Po~f e /o,9cz,

Steam to Feed Atomizer

Oxygen Gas

oalcinr Joxygen feed to calciner 1.04E+07 kg a
RGlasa Melter Stream # 409 1.85E+08 kg b
a. Oxygen for calciner reactions only. Does not Include oxygen required for kernsene fuel
combustion which occurs outside of calciner reactor and does not enter calciner mass balance.

b. Includes oxygen required for kerosene fuel combustion.

Kerosene Liquid

ICalciner 50 psig saturated steam j 2.55E+08 kg
Glass Melter jno direct steam feed 0.00E+00 kg

Calciner no direct feed I .00E+00 kg a
Glass Melter Strean # 408 5.21E+07 kg
a. Kerosene combustion occurs outside of calciner reactor and does not enter calciner
mass balance
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Glass Formers

jjcner Ro Re quJ0.00E+r g
kdlassMeiir lSii4am5 2.50E+08

Off-Gas for Calciner Compared to Off-Gas for Glass Molter

Note: Only species in table considered. No estimate made for another off-gas
components.

-e--4-L n n: :
From oxidation of TOC in feed.
No estimate made of change from glass melter number.

Solids Discharge for Calciner Compared to Solids Discharge for Glass Melter

cdmer Cicined Sats 1.68E+08
lass Meter Stream 411 3.5E+0 k

TOTAL P.03

e IC Pox tba b It'
PAtf d .2 VP L-

Species Calcker Glass Meter
kg Stream # 410

kg
Water 5.15E+08 -4G6+e-
N02 4.41E+07 1.35E+07
NO 2.88E+07 3.20E+05

C02 5.72E+06 CZX .2.4a4- /7, j2v
S02 1.36E+06 6e 1.36E+06

b

-v e-toi
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Sugar Denitrification
TWRS EIS

The term "sugar denitrification" can be used to refer to two different processing
scenarios. The first refers to the use of sugar to destroy nitric acid, HNO3 . The
second refers to the use of sugar during calcination to change other anions into
carbonates.

Nitric Acid Destruction.
For the destruction of nitric acid, the reaction considered most likely to take place is as
follows:

C12H22011 + 24HN0 3 = 12CO2 + 12NO + 12NO2 + 23H20

Other substances such as formaldehyde have been used at Hanford to destroy nitric
acid. From the dates of references it can be.inferred that the reaction of nitric acid
with formaldehyde was investigated from 1954to 1963. Then in 1962 several
investigators began looking at the concept-of using sugar in place of formaldehyde.
The laboratory and pilot plant work indicated that-.sugar could be successfully used to
destroy the excess nitric acid in the Purex-waste.streams. The investigators did not
indicate the point in the overall Purex process where the sugar was to be added. The
reports do not indicate that sugar was ever used in place of formaldehyde, but stated
that results indicated that such a substitution could be successful.

Although chemical reactions can be written for it, it is unlikely that sugar
denitrification could be used to destroy the sodium nitrate which presently exists in the
tank wastes as a result of neutralizing the excess nitric acid with sodium hydroxide. In
neutral or basic solutions such as the Hanford tank wastes the nitrate anion is a very
weak oxidizing agent. Any potential denitrification of the existing tank wastes will be
hindered by the fact that one of the reaction products from adding sugar to tank wastes
is sodium hydroxide, which is present in large excesses to help prevent corrosion of the
steel tanks. For this reason the TPA and No Separations alternatives do not include the
addition of sugar in their flowsheets and process descriptions. Where sugar
denitrification can be probably used in an ex-situ alternative is that part of the
Extensive Separations alternative that processes acidic solutions. In the preliminary
flowsheets for Extensive Separations, sugar denitrification is used to destroy nitric
acid, prior to further processing.

Sugar Calcination.
The second use of sugar, as a reactant during calcination, does not appear to have been
investigated or used on a large scale. Reactions can be written for the reaction of sugar
with nitrate, nitrite and hydroxide, converting these anions into carbonates. For nitrate
the reaction can be written:
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C12H22011 + 24NaNO 3 = 12Na2 CO3 + 12NO + 12NO2 + 11H20

For nitrite conversion oxygen is required as shown in the following equation:

C121122011 + 24NaNO2 + 1202 = I2Na2CO3 + 12NO + 12NO2 + 11H20

Likewise for hydroxyl conversion, oxygen is required as shown by the following
equation:

C12H22011 + 24NaOH + 1202 = 12Na2 CO3 + 23H20

From thermodynamic considerations (Gibbs free energies) one would postulate that the
above chemical reactions would very likely proceed to completion. The kinetics of
these reactions would be aided by high temperatures such as those that occur during
calcination processing. While it is difficult to state the exact temperature required for
calcination, it would likely be in the 400-60(C range. Sodium bicarbonate melts at
8510C, sodium nitrate at 3080C, sodium nitrite.at 2710C and sodium hydroxide at
3280C.

One can make an estimate of the products of calcining the tank wastes with sugar. The
starting point for this estimate is the feed stream from retrieval and transfer of the tank
contents. Reference to the mass balances given in the TPA (and No Separations) data
package shows that over the life of the plant the total mass flow of liquid components is
710,000 metric tons (MT). The total mass flow of solid components is 19,400 MT.
Of the liquid components, 507,000 MT are water and 1,420 MT are total organic
carbon (TOC). The remaining dissolved solids are 99% sodium compounds and 1 %
other compounds, including dissolved radionuclides. Table I below shows the weights
and percentages of the sodium compounds.

Table 1. Sodium
Compounds in Feed Stream

Sodium Compound Weight (MT) Percent of Compounds
NaNO3  145,350 72.6
NaNO2  14,283 7.1
NaOH 15,160 7.6
Na2SO 4  2,984 1.5
Na2 CO3 5,936 - 3.0
Na3PO4  4,428 2.2
Na4AI(OH) 4  9,537 4.8
NaF 2,478 1.2
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The first three compounds listed are the ones for which chemical reactions have been
written. Reactions were not written for the remaining compounds since they comprise
a minor portion of the dissolved sodium compounds.

Based on the reactions that have been written, it is possible to calculate the weight of
sugar to be added to form carbonates, and also to calculate the weight of sodium
carbonate that would be formed. This assumes the reactions require no excess sugar to
go to completion. Table 2, below shows the reactant compounds, the sugar required,
and the sodium carbonate that would ideally be produced.

Table 2. Sugar
Consumption & Na2 CO3

Production
Reacting Compound Sugar Required (MT) Na2 CO3 Formed (MT)
NaNO3 24,370 90,630
NaNO2 2,950 . . 10,970

NaOH 5,400 - 20,090
Totals 32,720 121,690

By adding the weight of sodium carbonate that is produced to the weights of the other
solid components in the feed stream (and subtracting those substances that are
volatilized), one can calculate the weight of final product from the sugar calcination.
Table 3 below shows a comparison of the weight of final product from sugar
calcination with the weight of vitrified product shown in the data package for No
Separations.

Table 3. Comparison of
Final Products.

I Calcination

Total 166,340

No Pretreatment
Vitrified Product (MT)

1357,000

The results of these preliminary calculations indicate that weight of the final product of
-sugar calcination is roughly 46% of the weight of final glass product from No

Solid Product Weight (MT)
Na2CO 3  121,690
Na2SO 4  2,980

Na2CO3(present originally) 5,940
Na3PO4  4,430
Na4AI(OH)4  9,540
NaF 2,480
Solid Components 19,400
TOC (from solid comp.) -120
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Separations. This would indicate that there are potential decreases in the amount of
final product from the treatment of the liquid portion of the tank wastes. The solid
portion of the tank wastes may also react with sugar during calcination, however this
preliminary estimate did not consider any changes in the solids.

There are a number of unresolved issues that remain for sugar calcination. Among
these are the following:
1. The final form of the treated wastes from sugar calcination is primarily a mixture

of sodium carbonate and calcined solids. The sodium carbonate is certainly water
soluble, and the calcined solids may have been rendered more soluble by high
temperature reactions. Calcination is commonly used on mineral products to
render them more amenable to further hydrometallurgical processing. The
protection for the calcined tank wastes is then ultimately the container that they are
sealed into. So while the tank wastes have been reduced in volume, the final
product is immobilized to the extent that the external container remains secure.
There are no NRC requirements in 10CFR60 that require a high level waste form
to be a glass. A waste that is in solid form-in sealed containers, that is non-
combustible and with particulates consolidated to limit availability and particulate
generation appears to meet the NRC waste form criteria. A Waste Form
Acceptance Systems Requirements Document (WASRD) has been generated for the
geologic repository, but a Waste Acceptance Criteria (WAC) is not yet available.
The cesium chloride capsules represent a siniilar situation where a soluble product
is sealed in a container. The question of repository acceptance appears to be some
time in the future.

2. While the reactions of tank waste components with sugar to form sodium carbonate
can be written and quantified, there is no evidence that there will not be practical
problems in the calcination process that cannot be overcome. Unresolved safety
issues would certainly be among the first to be resolved. The calcination process
involves the heating of a fuel (sugar) with an active oxidizing agent (sodium
nitrate). Under the proper circumstances the fuel and oxidizer may react with
explosive violence. While this possibility would not rule out consideration of sugar
calcination as a suboption in the TWRS EIS, it would place it in the category of
potential but unproven technology.

One conclusion to be drawn regarding the TWRS EIS is that the exclusion or inclusion
of sugar calcination as a waste processing technology should have minimal changes in
the expected environmental impacts. The wastes must still be retrieved and
transferred; a processing facility must still be constructed and operated; that processing
facility will still emit roughly the same quantities of gaseous effluents; disturbed areas
for borrow material will remain unchanged; groundwater modeling would be largely
unaffected, and wastes must still be transported to the geologic repository.

Previous Calcination Studies
Appendix I of the Technical Options Report provides a preliminary analysis of a
process that calcined the tank wastes. This information should be used very cautiously
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since this process was not sugar calcination. Instead it was a process which calcined
the plant feed directly to sodium hydroxide in fluid bed calciners, treated the gas
stream for nitrogen oxides, Tc-99, and added lime to precipitate sulfur oxides in the
calciner. Lime was also added later to capture C-14 as the carbonate. Since carbon
could not be added in the fuel to the calciner, hydrogen and oxygen were used as the
primary fuels. Calcining took place in 60 fluid bed calciners, each of which produced
about one ton/day of calcined product. The use of so many small units may have been
postulated to solve the problem of scaling the process up to larger calciners. It
certainly solved the problem of installed spares. The final product was placed in
nodular iron (not stainless steel ) casks for disposal. While the filling and sealing of
the casks does not depend on the material of construction, acceptance of nodular iron at
the geologic repository is very questionable.
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MODEL DH BRIOUETTERS AND COMPACTERS

MODEL DH BRIGUETTERS
AND COMPACTERS
The DH machines are single pur-
pose production machines. The
rolls are supported between two
bearings, so these machines are ca-
pable of greater roll separating
forces.They are also specified when
the roll width is greater than '13 of its
diameter. The DH machines are
used for briquetting hot materials as
the rolls can be located further away
from the bearings.

MODEL DH 500

K. R. KOMAREK INC.

20

- -

l~N5~t'
ii \.,j.
I.

*4
________________ C

6.

fl.

I,
r

1rJ

-F -

EQUIPMENT AND SYSTEMS FOR BRIQUETTIN

1825 ESTES AVENUE, ELK GROVE VILLAGE. I

TEL. 312-956-0060

- a9

G AND COMPACTING

LUNOIS 60007

TELEX 28-0588

KOMPAK ELGR

ROLL
MODEL ROLL SE RATING APPROXIMATE APPROXIMATE

NO. DIAMETER FORCE CAPACITY WEIGHT

DHi00 130 mm 20 m tons .1 m tons/hr. .5 m tons
DH300 330 75 3 5
DH300-15 380 75 4 7
DH400 520 150 9 15
DH400-28 710 150 20 18
0H400-36 920 150 40 22
D1500 710 300 20 25
DH550 920 300 40 45
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CALCINATION DATA FOR THE TWRS~EIS

The following information is requested for use in assessing the environmental impacts associated with the
No Separations Calcination subalternative.

1.0 SCOPE
Calcination is one of two optional waste treatment technologies being evaluated for the No Separations
subalternative in the TWRS EIS. No Separations refers to an alternative that would remove as much of
the waste from the tanks as practicable (assumed to be 99%) and treat all of the retrieved waste, classified
as high-level waste, for disposal at the proposed national high-level waste repository.

The retrieved waste would nor separate waste into LLW and HLW streams. The single-shell tank wastes
and double-shell rank wastes would be blended as necessary. Blended waste would be classified as HLW
and calcined in a single treatment facility. The calcined wastes would be placed into Hanford Site
canisters, which would then be placed into overpack shielding casks. The casks would be held on interim
site storage pads to await shipment to a permanent HLW repository for final disposal.

The HLW calcination plant is very similar to the HLW vitrification plant described in the No Separations
(Vitrification) subalternative data package.

The calcination option described in this data package provides for the following:
- Receive wastes from the waste retrieval and transfer function;
- Calcines the waste stream using sugar as g reducitig agent to yield a dry waste steam that is mainly

carbonates;
* Treats the off-gas stream from the calciner providing overall DFs for constituents of concern that

are approximately the same as those in the vitrification option;
- Collects liquid effluents for batch transfer to the Liquid Effluent Treatment Facility;
- Produces calcined waste in Hanford Site canisters; and
- Onsite interim storage of the entire calcined waste volume pending shipment to the proposed

national repository.

2.0 SOURCES OF INFORMATION
Identify information sources used in developing data.

3.0 ASSUMPTIONS USED IN DEVELOPING THE DATA

Assume the same schedule as the vitrification option
Assume the same plant operating efficiency (60%) and capacity factor (60%)
Assume the same input
Similar levels of air pollution control
Assume similar size of a canister for the calcined product as the vitrified waste (1.67 m dia x 4.57
meters high)

4.0 DISCUSSION
4.1 CONSTRUCTION



Description of the facilities that will be constructed'including the required support facilities
Facility foot prints

Construction schedule- Assume the same construction schedule as the No Separations vitrification
data package

Location of the facilities and siting information will be assumed to be the same as the vitrification
option

4.2 OPERATION
Operating schedule assumed to be the same as vitrification;
Characteristics of material to be processed - use vitrification data package material balance stream
number 1 as a plant input;
Characteristics of treated waste:
Volume of treated waste;
Size of the required interim storage facility assuming that the same 10 m3 container will be used
for the calcined waste;
Process flow diagram and description;
Potential increases or decreases or changes in characteristics of secondary waste streams or
incidental waste volumes from the vitrification option;

4.3 POST REMEDIATION
Assume that post remediation activities would be the same as the vitrification option.

5.0 DATA

Note: provide footnotes to tables as a means to explain data.
Provide one set of backup calculations made to develop data presented in tables.



Table 1 Waste Form Volume and Ave-age Radionuclide Inventory

Radionuclide Invencory Curies in Waste Form

(should be the same as vitrification)

Total Waste Volume (m3) G. la, F_

2,!5c rA NI .t t A 'Ovct ts6.-
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Table 2 Construction Personnel Requirements (FTEs)

Activity Total j 199_ 1
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Table 3 Construction Resotirce Requirements

Construction Resource Quantity
C)

Land (hectares) 0
Surface Committed Temporarily \S

Water If

Energy
Electricity (Gwh)
Diesel Fuel (liters)
Gasoline (liters)

Materials
Concrete (m3)

Cement (m3)
Sand (m3)
Aggregate (m3)

Steel
Carbon Steel (mt) . .f
Stainless Steel (mr)

Earthen Borrow Material (m3)
Sand /
Aggregate
Other (specify)

9Tbe 4 XnonrrdininaI C Qctron m s

U.wVt U Ct AtrL Ct t

Construction Emission Pollutant Quantity

Exhaust Particulate PM-10 (kg) S&. U

SOx (as S02) kg

NOx (as N02) kg

Hydrocarbons, kg

Aldehydes, kg

CO, kg

Fugitive Dust, kg
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Table 5 Transportation of Earthen B6rrow Construction Material
This can be calculated using the volume of borrow identified in the construction resource cable

and using the same assumptions as the WHC data packages. If the assumption that
sand/aggregate would be taken from pit 30 would chanQ: then a pro osed borrow site needs to

be identified along with the location and distance. WS

Table 6 Transportation of Other Construction Material

This can be done using the construction resources data from table 2 above and the assumptions
made in the WHC Engineering data package for No Separations. (Sanr-L as L 5

N-

OPERATTON
Tabls '7 flpermthno PerqnnlRnieet Irs)

4'

Operating personnel requirements should include startup, hot operations, and D&D. Staffmg
levels need to be input into socioeconomic model on an annual staffing level. Personnel
requirements would be ideally shown on an annual level but showing total levels with
clarification to allow the data to be broken down would be acceptable.

jn /to 4s aS+LM-' faCt

Sc -XC4cc~ 4

/ Vs.- U Wt S~ r C

Operating Total 199 199_ _ __
Personnel

Nonexempt
Rd Wo rrker 

.

Exempt + BU
Rad Worker
Nonrad Worker

Total
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Table 8 Operating Resoufce Requirements

Resource I Quantity

Land (hectares) committed permanently . .

Water (m3)
Raw
Sanitary

Energy
Electrical (GWh/yr)
Other (specify)

Materials
Glass formers
Process Chemicals (specify)
Steel -1-0 R .
Concrete -- m ES /ZEr~w ....

Note: For the alternatives in the WHC engineering data package it was assumed that the waste
treatment facilities would be contaminated following treatment and the land area that they
occupied would be permanently committed. -

Table 9 Nonradiological Operating Emissions

Item Quantity

Particulate (kg)

VOC (specify)

Toxic Air Pollutants
(WAC 173-460) specify

NOx

SOx

CO
Note: These emissions are used as input to the air dispersion model. These emissions
quantities are broken down into hourly and daily emission rates and divided by stack gas
volumetric flow rate to develop concentrations. -
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Table 9 Radiological Operating Emissions (Ci)

Radionuclide Air Water

Specify

Table 11 Operating Emissions Release Parameters

Item Quantity

Stack
Height
Location
Stack gas flow rate (std m3/sec) -

Stack exit area or exit velocity

Water emissions -,03 3
Volume ( "E
Disposition To retetc-v asc

Table 12 Decontamination and Decommissioning of Facilities

Item Contaminated Non-Contaminated

Steel

Concrete

Soil

Debris

w+( frcs

5-,dc 4cnmnF

niSC 4d4'r
+ !,QC&S

+siss p 1s4E

V~qcek *

Vccw*LSS

-LS- E,7 z 8,03 E 9
en 3

cnrts -ro-i3c S m-j 6 Q3

- ,T S- C. .~Wr e4At$as iTv~Oit0

7i

V (2
0 Ofl AZ

-7;

b~At*t, JVAC.SC~S

tu O6~tvt



CaPc.ac-

Table 13 Overall Cost Compbnenz (1995 dollars)

Cost Component Quantity

Capital 7 . E

Operating - '
&S64.- CL

Monitoring and Maintenance E I 7

Decontamination and Decommissioning -1 .17 vt

Research and Development 2 - a vtrC C

Total C) AR5 IO
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Calcination Process

Calcination is the process of heating precipitates or residues to a temperature that is sufficiently

elevated to decompose chemical compounds such as hydroxides or nitrates. It differs from vitrification

in that calcination temperatures do not necessarily cause the reacting materials to melt and form a glass.

Consequently, the final product of calcination is a solid or semi-solid if certain products have been

partially fused during the calcination process. Calcination techniques for solidifying radioactive wastes

have been studied previously, but no recent reports of results are available. Sugar calcination refers to

a process in which sugar is mixed with the tank waste prior to calcination. The calcination process

consists of the evaporation of the remaining water content of the feed liquid and reaction of the sodium

nitrate, nitrite and hydroxide salts with sugar and oxygen to form sodium carbonate salt, nitrogen oxide

gases and water vapor. Pure oxygen would be supplied to the calciner for these reactions. The oxygen

will also combust the organic materials present in the feed to produce carbon dioxide gas and water

vapor. Because sodium carbonate has a sufficiently high melting point 8500 C (1,562* F), it would

remain as a solid in the calcining process rather than melting. Without the reaction with sugar, sodium

nitrate melts at 3080 C (586a F) and sodium nitrite melts at 271* C (520 F).

Feed Preparation

Because all of the tank wastes would be calcined, the waste feed to this process would be identical to

the feed to the HLW vitrification melter in the Extensive Retrieval (In Situ Vitrification) alternative

(Section B.3.5). Because the feed components would not be separated, all of the calcined product

would be considered HLW. The primary function of the feed preparation system would be to mix

measured amounts of sugar with the tank wastes prior to calcination. Each batch of tank waste would

be analyzed to determine the sugar requirements. A weighed amount of bulk dry sugar would then be

added, and the mixture would be agitated until the sugar was dissolved.

deislappenblappenbIns1 1



Calcination

The prepared feed would be pumped to the feed nozzles of a spray calciner. The calciner would be an

indirectly fired vessel consisting of a number of 8 inch diameter vertical tubes. The vessel is a box

design approximately 30 feet by 30 feet with an approximate height of 15 feet. This particular

configuration would limit the reacting mass within the calciner as the reaction of the sugar could be

very rapid and large quantities of sugar and nitrates could react violently. The calcination reactions

would take place inside the tubes. The tubes would be heated by combustion of kerosene fuel with

oxygen outside the tubes and the resulting hot off-gases exhausted directly to the atmosphere, probably

after some indirect heat recovery operation. These gases would consist of only products from the

combustion of kerosene with oxygen and should require no treatment as they would contain only very

low levels of SO, and NO, due to the presence of small amounts of S and N in the kerosene.

The feed for the calciner would consist of a slurry containing approximately 50 percent by weight

solids (dissolved and suspended). Atomizing steam at the rate of approximately one half pound per

pound of feed would be added to ensure proper dispersion of the spray inside the calciner tubes. The

atomized waste droplets would lose their water by evaporation and be heated to reaction temperature by

the indirectly heated tubes as it falls through the length of the tube. The chemical reactions of the

waste with the sugar would then take place with the release of nitrogen oxide gases and the formation

of solids which are collected at the bottom of the calciner. The calciner is expected to operate at a

temperature between 700 and 800* C.

The evaporated water and injected steam for atomization along with the gaseous products from

calcination would be exhausted to a ceramic candle filter for the removal of as much particulate as

possible from the hot gases and then processed similar to vitrification off-gas treatment. The solids

deislappenblappenb.ins



removed from the ceramic filter would be collected along with the solids from the calciner for further

processing in compaction. The ceramic filter equipment envelope would be approximately 30 feet in

diameter by approximately 60 feet high.

Compaction

The calcined solids would consist of a hot, fine powder which has a low bulk density and would require

compaction to increase its bulk density. This fine powder would be processed hot in a roll type

compactor machine to produce small pellets or briquets of high bulk density. It is estimated that the

achievable bulk density of the briquets would be approximately 90 percent of the theoretical density of

the solids. After compaction, the product briquets would be screened to remove fines, air cooled and

transferred to the HLW cyclone bin for feeding the canisters. The fines collected from screening the

briquets would be returned to the feed bin for recycle to the compactor machine.

Canister Operations

Following the transfer of the calcined product briquets to the HLW cyclone bin, the vitrification

process canister filling operation flowsheet would be used. The calcine briquets would be placed in

10m3 canisters identical to the canisters used for glass cullet for Extensive Retrieval (Ex Situ

Vitrification) alternative Section B.3.5. A major difference is the quantity of calcine briquets to be

disposed. The No Separations (Calcination) subalterative would produce 92 metric tons of HLW

calcine briquets/day. The number of canisters required for calcine briquets would be 10,300 or

approximately 52 percent less than the 21,400 required for vitrification.

deislappenblappenb.ins 3



Off-Gas Treatment

Off-gas processing for calcination would be the same as used for off-gas processing for vitrification.

The HLW off-gas system would receive hot gases from the HLW calciner ceramic candle filter. The

gases would be cooled and scrubbed with water to remove most of the remaining particulates and water

soluble materials, which would be recycled to the process feed tanks. The scrubbed off-gas would pass

through a mist eliminator to remove fine water droplets and then through metal HEPA filters to remove

the majority of the radionuclide particulates. The off-gas would then flow to an SO 2 adsorption process

and a catalytic NO. reactor before being discharged to the atmosphere. The amount of NO, emissions

estimated for the calcination process is approximately five times larger than estimated for the

vitrification process. The difference is accounted for in the assumption that reaction products of nitrites

and nitrates for the calcination process are NO., whereas for the vitrification process the assumption

also includes a large quantity of N2 as a reaction product.

Post Remediation

When processing of the tank wastes has been completed, the processing facilities would be

decontaminated and decommissioned in the following manner:

- Processing equipment will be decontaminated sufficiently to allow onsite disposal in a

LLW burial ground.

- Processing facilities will be decontaminated to the extent possible and then entombed in

place. The exact materials which will be used to cover processing facilities have not

been decided.

deislappenblappenb.ins 4



B.3.6.4 Implementability

Issues associated with implementing this subalternative include the following:

The vitrification subalternative has the same uncertainties as those listed for the

Extensive Retrieval (Ex Situ Vitrification) alternative (Section B.3.5.4). In addition,

this subalternative would result in a large volume of vitrified HLW (1.4E+05 in 3).

The calcination subalternative would also produce a large volume of calcined HLW

(6.7E+04 n3), but which is 52 percent less than the vitrified HLW.

The calcination step using sugar as a reductant has had limited laboratory testing and

the proposed facilities are conceptual. Calcination as a unit operation has been in use

for many years on an industrial scale. No design or engineering has been completed

for the process or support facilities. Consequently, the processing steps have been

based on experience and engineering judgement. It is estimated that the consumption

of fuel (kerosene) for calcination would be approximately 19 percent of that required

for vitrification. Steam use for calcination would be higher than for vitrification due to

the atomization steam required for feeding the calciner. Electrical power for

calcination would be approximately the same as for vitrification.

The process design parameters for calcining, such as feed rate, temperature, reagent

addition, and mass and energy balances remain conceptual in nature. A substantial

part of the flowsheet for calcination and vitrification would be the same; the

remediation of the calcination and vitrification options are estimated to be

approximately the same in size and complexity. As a result of this similarity between

the options, the nature of most support services are estimated to be similar for

calcination and vitrification. Exceptions to this are that raw water use for the

calcination option is estimated to be approximately 19 percent of that for vitrification

deisiappenblappen.ins 5



and sanitary water use for calcination is estimated to be approximately 130 percent of

that for vitrification.

It is estimated that the calcination and vitrification options would be approximately the

same in size and complexity and would therefore have approximately the same costs for

capital, monitoring and maintenance, decontamination and decommissioning, and

research and development. Differences in cost occur in the operating category due to

reduced cost of high-level waste casks/canisters and high-level waste disposal fees for

calcination relative to vitrification. The operating costs for calcination are estimated to

be approximately 53 percent of that for vitrification resulting in an estimated overall

cost for calcination which is approximately 62 percent of that for vitrification.

Further laboratory and pilot plant testing are required for calcining, particularly for

analyzing reaction products including the nature of the gas streams and off-gas

treatment methods. The calciner and off-gas processing may require different sizes and

types of equipment from the ones conceptualized herein; and

The implementability of the calcining subalternative could be affected by the

acceptability of the calcined product at the proposed national HLW repository. The

acceptability issue involves the waste form. The tank wastes would be contained by

canisters. As carbonates, the waste will be water soluble and will dissolve if the

container is breached. The waste acceptance criteria for the proposed national HLW

repository have not been finalized. While discussions are ongoing regarding the

acceptability of various waste forms, current information indicates that the waste form

would not meet the acceptance criteria. Current plans are for the repository to accept

waste only in a borosilicate glass form.

deislappenblappenb.ins 6



TWRS EIS
CALCULATION COVER SHEET

DISCIPLINE & TITLE iftoU 4t-0 a / 0 Zd4t eZAZ

ORIGINATOR DATE / 9

REVISION NO. O

OBJECTtVE

a~J~a eet- V, )y tana-Ct'd 4Uc4- "

METHODOLOGY -k

ASSUMPTIONS

(Continue on another sheet if nec s

SIGNATURE

CALCULATION & RESULTS ATTACHED

JACOBSTFORMSICALCVR.SHT



All JACOBS ENGINEERING
DATE 111-2 -

BY CHKD.

GROUP INC

SUBJECT SHEET NO.

JOB NO.

/tWA 4-/A

/0675/ bp -- on- z.- r -M 9$

02(& )177(4-374

(4 ' e ,.) / 2-4 (3o

3<-. ' >0 (74

73 T74L- A<t

(S --

'r&. (s-cr )

~5C30-3 at.)

E--S~ S--q.e#&C3*Io. C -'

As-1(7n.Q) c s--3)

/ Z (at)
qfjCcao-&)

cs-r)

5--.5 'st4j-J sAVaa

FORM 91-0051 (4181)

7i 779-C (s* _..



TWRS EIS
CALCULATION COVER SHEET

DISCIPLINE & TITLE L m mc t Vze LAtO 

(A d C I -L24r X- r,+nk I l 1Cc4L dks oP &n-4ata

ORIGINATOR - DATE i

REVISION NO. C

OBJECTIVE 4t-- rIvunber of on*Abk (I- &4 . e.

-tL.)j J&ld- LI)in aulS iA nc~ 2~~(

METHODOLOGY u 1  -t -. . nA mfAc- te Cec 4L numn t

-4ariv 4 -0*bt rtq&r 1/ ('s$' O,,

ASSUMPTIONS

(Continue on another sheet if necessary)

SIGNATURE

CALCULATION & RESULTS ATTACHED

JACOEsIFORMSICALCVR.Sr



JACOBS ENGINEERING GROUP INC

DATE m SUBJECT w SHEET NO.

By L t CHKE. -o C 5,D JOB NO.

- 9w*~~pA-tto~A--

WJ(.Drz 5A L.. aoes_-. _M tLrr -J~Z

-~ _____- DQ,.c 2IZOC dZ..bLP ,? t..- ._

* -- t lutm !. nE_#.aAAr u5t t ac

FORM 9__4)05_1wtwa )

___-._ _ &Sl G SSLST- ,SG C54

&$~cavae-5 2a- 3avALC5_4x -r

I_____________-___e~ __ __-- -- _____ ____-

_____ 
t -n __,_t ___ _ .__

~ -rwsz. 'C, ax-4 ______

£vr2&a.Th.p w ooc 92nruiat~

--

_ _ _ _ _ _ _ _ _ _ -'-



TWRS EIS
CALCULATION COVER SHEET

DISCIPLINE & TILE C/ C;oOPsv-e s - !VetC CSp
- - in a - -' t - -. I-

ORIGINATOR DATE Ilz/DT
REVISION NO. 0

OBJECTIVE COvnST- 4 Q C yau O-ts& .nc&

METHODOLOGY lkr a '57,Cv /Cos-&,62a2

ASSUMPTIONS CO

(Continue on another sheet if necessary)

JC- 4LcLucr-
SIGNATURE

CALCULATION & RESULTS ATTACHED

JACOES\FORMSICALCVR.S =

44JIU1



JACOBS ENGINEERING GROUP INC

DATE

BY - CHKD. 

SHEET NO.

JOB NO.

C APS.>Le.
Ccr i-s:

s tJ m- ~4c..TPk

DStbs4G Wfr_ F

Dr-I- 4
iAvdr. .r pNp

As A p~2AS iS ;

%Z -rPA Ccw/ckDA 4os;

-rwn y Cpar 7 L Li 7. t- Li yc c osr : 4Btz54 biI,&
o-.~t Zc7>

4- +0- de.. a4t 4S8a, (Z4( 4 I ).. 53t75 %

~p - TPA e'portte-y Co sT- IS C/tnc LOLsA

As (431-Z4ab0L .Is-7)Q;37) - llz 1rn//r-.

to7z b,11,4-- 1/Z $//A6 360 /

-tLN _\ of i L nui'|]4 ~

74/avm7 /705 pFck s
A Az 7PA Cth-

v4UL's Z465 f'v AOWL.

46- S -tAnsq 1hr (2465- 7S) : 76) p-awck o:

# arz -T-Is Assnswof&//

4fivtIsevsrn'wag 5encfl

Z4P p sn A... 9 _=Q

0. 1,' /sA117t) ALctWO7VgS

pez CP-T1A)Ta&L.

lits3 7

F40peft

/o x /4 g6tZ

/.zex akd ~4,.4
fapsM. Re4 nty cs 4xC - / S. 4/, 4

I,
/ LZ &5 xA 4

C; Psv LaDi' s-D .,o..'a
LID MPC ktCapswo

FrO-,A Ma4-1M (41)

a
0. 0 ) ) Z t )

SUBJECT



fil JACOBS ENGINEERING GROUP INC
SHEET NO.

JOB NO.BY - CHKD.

.LsS4e- S$$ia (oi'aw'

iPqA CAn'A

AV'oiurs~ 4 CA/sr cy-ifW& 4cAW M

)ZEQ zl

=p IL% =

Pc $4vmp-r

FORM 91005-1 (4181)

DATE SUBJECT

913 P

L4- 20f,

\befC-t



ME JACOBS ENGINEERING GROUP INC
DATE

BY - CHKD.

SHEET NO.

JOB NO.

05s Ccst

r I Cz1 * IsVJ

&VQ g cia- cK, C,-%5 m-fr3 e ) -1 P/p

- \m= Q,\so
,,. *,A : 41zc)

440

~c:ad- ipmb. 93

c--" T/F oS DsA -- wea 5o
&Jwwej d Fv(Qao~bvt

I,0

zco7
I sv

co -T -Zpo9

C'rredt s 1U-,
Pm - Wo
m: gzY&3

440

:- 2.2sg

33

15V v 4 Z019 n- prad A

C&rm- OF,- +L"v uJo
PM: I Bt

LN-i = 347
s$4 44,0

7WZ
93.

'-CMb

FORM 91.005-1 (4181)

cvaa-t

VrzoKA7 A

C&.tLcr.Q

774n

SUBJECT

309> 6

S



TWRS EIS
CALCULATION COVER SHEET

DISCIPLINE & TiTLE

ORIGINATOR (

nuitewlln- / n4 x I g J 41 1

/)Aimelvt 1sydr.4WCO A tp Toll 4h oI Z/F Y24 n
(~d !

LAL) Up2v. DATE -______

OBJECTIVE

REVISION NO. 9

? ,enuxe ?ac CArr '4L 4 4tu-z /

METHODOLOGY -O-S/70 OW Q C:. far04/

ASSUMPTIONS

(Continue on another sheet if necessary)

SIGNATURE

CALCULATION & RESULTS ATTACHED

JACORSFORMSICALCR.SErr



il JACOBS ENGINEERING GROUP I
SUBJECTDATE

By -___ CHICO.

FprZf UP4
F5LLr u2

NQ

M 4 < ;,I (,SHE NO.

t.Jo c4a&kXE.

= ?\ s 54Jf speCraJ Ovr

SBN U ?rr-cgoss

E I
var Oup

DSr vP
(gzAvl91

- Iges 1, .765
.513c- S; d 0
.3,4 es S'.S I C-c;

-Z I.c7r G a s 1. 7- S-

t8 sSCi1-ec c-

s+mx-f l/g -
s ks Ar/d r

C-s

wAAS_

7&4_ I RAdo F'req D-

Z.9e0

Pwe zu Y as = I,12- a-

FORM 91-.OS- (4181)

*1')



TWRS EIS
CALCULATION COVER SHEET

DISCIPLINE & TITLE A~- A*St"'

ORIGINATOR -

REVISION NO. 0

OBJECTIVE C -co-

METHODOLOGY __4- -- 0 A- -.. ~tr44

v

ASSUMPTIONS

eL 4ul-w-

.I, I rs

JACOBS\FORMSiCALCVR.SHT

(Continue on another sheet if necessary)

SIGNATURE

CALCULATION & RESULTS ATTACHED

Cedca4C 1/

DATE /c -4- e-

A

4 14W-4

A

/Z-o- 5/ te-Y 4c



JE JACOBS ENGINEERING GROUP INC.

SUBJECTDATE "

By / CHKD.

- 1c,

SHEET NO.

JOB NO. dUKq7lol

7p -

fl,(i~~- (#erys O /DW~A

*.4 el~m/9(: i..

I a

3.2t,V// 7 c

fth W tm - ' A
/. s*'/a- - '4.-/AA/e.-

rPA - P/ aAt- -4 70g/taflj*'

/. 3 Mi-t- - £4e1//AAPC

Nosr%4.. -

H4 tAQV2 -- 40A & Agq

/0 I*%1C.-

A/0 1. ?o3 K/Dr

- / en/ /k^^FC.

Niw Naityu .:f4- 103cov00 CAl 1*4e
iD'20/ea* - A |/f

§otscke Psea

fos~IzS =AS wlO/c.ox

4(1o ~ sVS -?> Gz(c

VL.~ iv~ ec

(4-) 3k'mi K17
6 - 3-10G t;

FORM 91-005-1 (4/81)

jO30 3 -s/

15S3

)



___ __ 
. Ft2_Z2

____ .M Z 44t :c~ _ ___d -

1 10!!4 -v._a _.

00 +- iX7
__ _ __ ________

&~~ r-o
/

C 0.j

V/ Zz_-
-A.--

A
S tSOLL.O~ ~ -_--_-

e 4

st A 4-



TWRS EIS
CALCULATION COVER SHEET

DISCIPLINE & TITLE

I
ORIGINATOR

OBJECTIVE

?-vv
PrfsAV

bktL/kCo u Lit ,

4

~k~at~

C)kytcAC ft
LLw Lkt4Ltf pR r4 cae7

METHODOLOGY

ASSUMPTIONS c @-L

LvA . 4 L/ C" t' 3 a -y-~~ 0 ~

C-l (c P4 U~- V-

(Continue on another sheet if necessary)

SIGNATURE

CALCULATION & RESULTS ATTACHED

JACOBS\FORMSICALCVR.SHT

-EM G SC~otc L Mk

Li- C-v VIL

DATE / 4

REVISION NO. (

c Y-LL(



T1 YT vt_ -

- - -'1 -7 U r-jC \..- \. I. Q ) t/3 _ -

cass-

LLT: F:-- - q

c Cr4 f T p -

- ly-o, D7 U

TIV\ st

T - p .Io cz- -

W V. vv-,( t ti (4



I Low-Level Vitrification Facility
2 The plant would be sized to produce 200 metric tons (220 tons) of vitrified wastes per day in two
3 production trains. It would contain seven operational areas. including feed receipt and sampling. Cs
4 ion exchange, melter operations, cullet processing, sulfur operations, cold chemical makeup. and off-
5 gas treatment areas.
6
7 The facility would have an overall footprint of 90 in (290 ft) wide by 75 m (250 ft) long with an overall
8 height of 40 in (130 ft) of which 20 in (65 ft) would be below grade. In addition to the process level,
9 which is below grade, the facility has two other levels, one at grade and the other at +9 m (30 ft).

10 Overall, the facility would have a total area of approximately 6,800 rn1 (73,000 ft2).
11
12 The process level would include feed receipt and sampling, Cs ion exchange, process evaporation, and
13 cullet processing areas. Feed receipt and sampling would occur in six 200 m3 (7,100 ft') tanks that
14 would receive feed from six 400 in3 (14,300 f0) tanks external to the building. The Cs ion exchange
15 area would include a single stage of 12.5 m3 (440 ft3) columns and supporting tanks. The cullet
16 processing area would consist of quench tanks below the evaporator and 18 cullet storage tanks.
17

18 The facility's other two levels would provide space for support services and additional process
19 equipment. The grade level of the facility would provide space to support canister filling operations,
20 instrumentation for the process equipment, melter operations, process evaporator for LLW melter feed,
21 maihtenance areas, and sulfur operations. The +9 in (30 ft) level would provide electrical services and
22 cold chemical makeup systems.
23

24 Low-Level Waste Cullet Disposal
25 Under the Extensive Retrieval alternative, LLW cullet would be disposed onsite. The cullet is mixed
26 with a molten polymer and sulfur mixture in the vitrification facility and pumped approximately 500 in
27 (1,600 ft) in a heat-traced line to 5,300 in' (189,000 ftW) storage vaults. A total of 46 vaults would be
28 constructed. Although construction details of the vaults are not fully known at this time, each vault is
29 estimated to be 37 in (120 ft) long by 15 in (50 ft) deep. The vaults would be engineered concrete
30 structures designed to withstand the stresses generated by the contained volume of cullet and sulfur.
31
32 Other options may be chosen for disposal of the LLW. For example, the LLW glass may be poured
33 directly into canisters without forming cullet. If cullet is made, the matrix may be a material other than
34 sulfur. Furthermore, the LLW may be transferred to final storage by some alternate means such as
35 truck transport.
36
37 When all of the LLW glass has been placed in final storage, a Hanford Barrier will be constructed over
38 the storage site. Hanford Barrier performance objectives are discussed in Section B.6.0.
39
40 High-Level Vitrification Facility
41 The HLW vitrification facility would have has six operational areas that would include feed receipt aid
42 sampling, process evaporation, melter operations, maintenance areas, canister loading, cold chemical
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WHC-SD-WM-EV-104 Rev. 0

Table 9-1. Average Radionuclide Inventory in the
Final Glass Form (Ci/m3).'

A tat, Aloeat 

24Am 3.9E-2 -- .OE+1
13Am 1.3E-5 3.2E-3

"4C

2"CM 4.7E-6 5.9E-3

D"Cs 4.8E-6 1.51-2
1"Cs) 1.21+0 - 3.7E+3
129

0 Ni 2.6E-2 -' 2.8E+1
27Np 3.2E-5 6.6E-3
231pU 3.E-4 .L.E-1

2"Pu 7.6E-3 ' 2.6E+0

"Pu 1.9E-3 . '6.7E-1

2'Pu 6.7E-3 - - .7.8E+0

22'Ra

**Ru 8.5E-9 . - 3.8E-6
"'Sm 3.1E-2 ' 6.6E+1
12'Sn 7.2E-4 5.0E-2

"Sr( 4.3E+0 / 5.6E+3
"Tc 1.2E-1 6.3E-1

MoTh 2.3E-12 4.1E-9
m3U 2.8E-9 1.2E-6
24U 4.9E-8 2.1E-5
23u 4.8E-6 2.1E-3
238U 1.1E-4 4.8E-2
9Zr 1.6E-5 4.1E-1

Total (m3)3 2.2E+5 9.4E+3

E112'(0) kt "rA

GM' L'

9-3

G/M 3



Table 9-1B. Average Radionuclide Inventory in the LLW Glass and Grout Waste Forms (Ci/m).

_______ N b u t: ft, 0

241Am 2.662-02 7.342-04 7.342-04 7.341-04 7.342-04 7.342-04 7.758-04 2.188-04 2.188-04
4Mm 2.661-02 2.352-07 2.351-0-0 7 2.B-07 2.358-07 2.358-07 2.481-07 6.988-08 6.982-08

"C 8.002-01 0.002+00 0.001+00 0.008+00 0.001+00 0.001+00 0.001+00 0.001+00 0.001+00
"'CM 2.662-02 4.562-06 4.58E-06 4.562-06 4.561-06 4.56-06 4.7113-06 1.368-06 1.358-06

'"Cs no limit 9.162-07 9.3413-07 9.162-07 9.168-07 9.168-07 2.5113-06 2.72-07 2.788-07

,"Cs 1.008+00 2.212-01' 2.258-01 2.211-01 2.218-01 2.2113-01 6.0413-01 6.561-02 6.7011-02
1291 8.002-03 0.002+00 0.008+00 0.008+00 0.002+00 0.002+00 0.0013+00 0.008+00 0.008+00

3.501+00 1.832+00 1.832+00 1.832+00 1.8313+00 1.8311+00 1.81B+00 5.421-01 5.422-01

2 7Np 2.662-02 1.878-05 1.788-05 1.882-05 1.88-05 1.882-05 3.448-06 5.591-06 5.281-06

Pu 2.668-02 7.801-05 7.791-05 7.808-05 7.80E-05 7.80-05 8.0513-05 2.322-05 2.322-05
9pU 2.66H-52 1590 3' i.903~ 1.9011-03 1.9013-03 1.902-03 1.971-03 5.6513-04

lpU 2.662-02 4.842-04 4.831-04 4.842-04 4.848-04 4.842-04 5.002-04 1.442-04 1.448-04
Mu9.318-01 5.4118-03] 5.4023-03 5.4121-03 5.41H-03 5.418-03 5.59E1-03 1.6113-03 1.6183-03

26Ra no limit 7.208-16 7.338-16 7.2111-16 7.208-16 7.218-16 6.2811-13 2.148-16 2.182-16

16Ru 7.008+02 1.012-10 1.032-10 1.018-10 1.018-10 1.018-10 8.818-08 3.018-11 3.068-11

"'Sm no limit 1.688-03' 1.712-03 1.688-03 1.688-03 1.688-03 1.468+00 5.002-04 5.081-04
l26sn no limit 1.678-06 1.708-06 1.68-06 1.672-06 1.688-06 1.46E-03 4.978-07 5.06E-07

%0
tLh El

0

(2 sheets)
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Table. Omading Emissions.//Table . Non-Radiologcal_ Op-tgsisi ons.s
(Units as Inczted) ( 2 sa$)s)

Pardc4'ulpt±s(kg) j-.o E + ' - t7 E -f- L

voC3 (kg) ._ _
Fugidve dust

TAPS' (state) (kg)
HCI 5' 1-'ItF F

Ammonia G.- 43 .77E +3

Nirxic Acid' I.co E- +1 3

HAYS (metals)* e, lop Y' Y- 410 j

NOx (as N02) (k.g) - , I- E +H ),D 9 E+q

SOX (as SO2) (kg) -f _ .5-7 E + -- __;s_ -f-
CO .. c OOO 4<5joooKr

ICoo

_ u e4 LuA- e

%s c u,

___S _ OA S __ _ _

_____ _ - ~ - S __rv__
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p 'A-s e D I r Lc1 'LE7T-J -F(-\ 1O)

Table . Non-Radiological Operating Emissions.
(Units as Indicated) (2 sheets)

ON-~ . "MLW

Particulates2-(kg) -7. o E +4- '7 E+

vaao
Fugitive dust Y\ v

TAPS4 (state) (kg&) .CF+2

.F - . + 3 . I G 3

Ammonia6 1 '3 I77& +3

Nitric Acid' IDo a- +I i.4o0g t3

HAPS (metals) 5 'Y 4io OK j
NOx (as N02) (k.g) cc, g E +1,-9F= + Y
SOx (as SO:2cg) 1rs7 E + I S sE -f /
CO "F jooooo K,16ft -4:rJ ,ooo Kjltr
Notes:

CO - carbon dioxide
H - hydrogen
F - fluorine
HWVP - Hanford Waste
I - joule
LLW - low-level waste
kg - kilogram
N - nitrogen

Vitrification Plani

NOx -F nitrogen oxide and nitrogen dioxide
S - sulfur
TAPS = Task Authorizdion aid Planning System
VOC - volatile organic carbon

p. -6 ALWi

1- . - r /

--- - -)-
(4es (.S-e p
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Table' Non-Radiological Operating Emissions.
(Units as Indicated) (2 sheets)

2 Paniculute emission estimate assumes cooling tower emissions are 95% of total

particulate emissions (i.e. cooling tower emissions/0.95 - total emissions). Particulate

emission are essentially 100% PMjo. Cooling tower emissions are a ratio of cooling water

recirculation rates used for the alternatives. Emissions from standby power diesel engines,

diesel tanks, and welding are all considered to result in emission of less than 100 kg/yr for the

pollutants being analyzed.

Mhe VOC emissions shown are for kerosene handling and tankage activities assuming the
use of an aboveground tank. VOC emissions from the main processes and other auxiliary
sources are not currently defined. It is assumed that glycolic acid, if received, stored, and

handled as a liquid, does not exhibit a significant vapor pressure, and if handled as a solid it is

assumed to be controlled by filter media (i.e. baghouses, etc.) to less than 100 kg/yr.

'Emissions for TAP pollutants estimated to exceed 100 kg/yr are shown. Emissions from

any single particulate source (silos, material handling, etc.) is considered to be controlled to a

level that results in emissions below 100 kg/yr. Therefore, no particulate TAP emissions
above 100 kg/yr are expected.

Me chlorine and fluorine emissions-are expressed as HCl and HF, respectively (assumed

chemical form). These emissions are based on the WHC material balances with an assumed
decontamination factor of 200 for the venturi scrubber and mist eliminator.

'Ammonia slip from NOx control process. The ammonia emissions for
Pretreatment/LLW is taken directly from the WHC material balances. The ammonia
requirement for the 20 Mg/d joule-heated melter is based on assuming complete conversion of
NOx precursors to NOx. The ammonia emissions for the 20 Mg/d joule-heated melter are
based on a relative slip of 0.27% (in accordance with the material balance for
PrezrnztmentLW).

'Nitric acid emissions are from decontamination activities where 100 kg/yr is estimated
per melter plant.

'No HAPS metals will be emitted above 100 kg/yr. Appropriate NO. abatement
equipment will be installed to reduce the emission to below 40,000 kg/year.

tr\ LS fl 4 'kc bIomce ,
'The afzd NO, emission as NO.based on the 0

"The unmitigated CO emision is is based on the mass of CO from
e-maerial balance . The

flowsheets, at the present time, do not include abatement equipment for CO. Also it is
assumed that the abatement equipment used for NO, + SOx does not effect CO. which it
should. Therefore assuming less than 100,000 Kg/yr is justified.

'AI
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Table Radiological Operating Emissions. (Ci)

Am~~~S &It.LE- l4 -0'-3.4 L- V

____ o _ - -]- r) 5 0- .

m~u aa w (4 V /c
**st 1~S __ __ -___._~ -- ______-+__ _ _--

_________LI_ ______ 03 -3g

jtz(*I4& AL'r'/

17CS . ) y,9-7 E - L G- , .1/ .04sG -too5 , ./ -3__ZRu \ ,) /V\_ 6/i.

% 1 ' V)- .A t,

9OSr -7. -o.G- I.. *-Lf I~~o

"Tc - 9.?3Q -cC. Vk /4___ 9.ISC- OS Vo~

"zr K/ A/%. I!, __

Notes:

'All values in Ci except for % PM-10 which is in metric tonnes

Air values taken from material balances (Streams 907 and 917 in Appendix A)

'Water values are based on effluent streams from both Pretreacment/low-level waste
(LLW) and high-level waste (HLW) flowsheets (Streams 807 and 802 respectively) and
design basis for Liquid Effluent Treatment Facility (LETF) C-018. Yearly flowrates of
these streams were calculated. Engineering judgement set the total amount of effluent to be
processed by the LETF equal to 20% of the flow for all but one year of operation. For the
last year, 100% was to be processed. The composition of the effluent was assumed to be
comparable to the feed set in the design basis. Therefore the concentrations of
radionuclides/chemicals in the discharge in the design sheet equals what the discharge would
be for the process effluent. gotg io S. e Cv R- - 4JIt t r)-
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WHC-SD-WM-EV- 0 4 Rev. 0

Table 9-6. Radiological Operating Emissions. (Ci)

Pre eed Akernativ
.....aide A. .W.. ..

A~ ~ A
'Am 5.3E-02 4.2E-4

C 5.3E+03 n/a4

1Cs 2.5E+01 6.E-2
12T 1.6E+01 3.5E-4

2 3 a.uPu '1.7E-02 4.2E-4

"Ru 1.9E-08 1.0E-2
sm .3.2E-01 NA

"Sr 2.7E+01 2.8E-3

"Tc 1.6E-02 . n/a

"Zr 1.8E-01 n/a

%PM-105 2.67E-01 - -6

Notes:

'All values in Ci except for % PM-10 which is in metric tonnes

2Air values taken from material balances (Streams 907 and 917 in Appendix A)

'Water values are based on effluent streams from both Pretreatment/low-level waste
(LLW) and high-level waste (HLW) flowsheets (Streams 807 and 802 respectively) and
design basis for Liquid Effluent Treatment Facility (LETF) C-018. Yearly flowrates of
these streams were calculated. Engineering judgement set the total amount of effluent to be
processed by the LETF equal to 20% of the flow for all but one year of operation. For the
last year, 100% was to be processed. The composition of the effluent was assumed to be
comparable to the feed set in the design basis. Therefore the concentrations of
radionuclides/chemicals in the discharge in the design sheet equals what the discharge would
be for the process effluent.

9-11



WHC-SD-WM-EV-104 Rev. 0

Table 9-5. Non-Radiological Operating Emissions.
(Units as Indicated) (2 sheets)

Thermal releases' (J) 2.1E+16

Particulates2 (kg) 1.5E+4

VOC' (kg) 770

Fugitive dust n/a

TAPS4 (state) (kg)
HC1S 2.6E+3
HF' 6.1E+3

Ammonia' 2.4E+4
Nitric Acid' 1.4E+3

RAPS (metals)' <100 kg/yr

NOx (as NO2) (kg) . 1.E+49

SOx (as S02) (kg) , 1.5E+4'0

CO <100,000 kg/yr"

Notes:

CO - carbon dioxide
H - hydrogen
F - fluorine
HWVP = Hanford Waste Vitrification Plant
I - joule
LLW - low-level waste
kg kilogram
N nitrogen
NOx - nitrogen oxide land nitrogen dioxide
S = sulfur
TAPS - Task Authorization and Planning System
VOC - volatile organic carbon

'Derived from factoring the heat load.

9-9
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Table A-& SST Chemical Inventory by Tank Group

COMBINED INVENTORY OF TANKS NOT RETRIEVED + 1 % RESIDUALS

Chemical 1WSS 2WSS lESS 2ESS 4ESS Total

Number of Tank 4.OOE+01 4.30E+01 4.OOE+01 1.60E'+01 1.OOE+01 1.49E+02

AI(OH)4- 8.44E+01 3.89E+02 1.35E+02 5.28E+01 8.09E+00 6.69E+02

A1+3 1.32E+01 1.97E+02 1.22E+02 1.20E+01 6.41E+00 3.50E+02

Bi+3 9.90E+01 3.30E-02 3.12E+01 5.95E-01 O.OOE+00 1.31E+02
C03-2 1.59E+02 1.32E+01 1.81E+02 1.01E+01 2.19E+00 3.66E+02

Ca+2 1.98E-01 5.81E+00 4.26E+00 6.56E+01 1.49E+00 7.74E+01

Cd+2 3.61E-01 7.56E-02 5.65E-01 1.98E-02 5.40E+00 6.42E+00

Ce+3 5.31E+01 1.44E+01 1.87E+01 2.64E-01 2.65E-01 8.68E+01

Cl- 6.88E+00 1.21E+00 4.36E+00 4.01E-02 9.93E-03 1.25E+01

Cr+3 6.60E-01 4.15E+01 2.72E-01 1.27E-01 7.95E-01 4.34E+01

CrO4-2 1.64E-01 1.03E+01 6.74E-02 3.16E-02 1.97E-01 1.07E+01

F- 2.44E+01 7.83E+00 6.92E+01 8.25E+00 1.27E-01 1.10E+02
Fe+3 7.88E+01 2.82E+01 4.22E+01 1.58E+01 2.45E+01 1.90E+02
Fe(CN)6-4 1.58E-01 6.26E-01 2.97E+01 6.99E+01 5.lOE-02 1.OOE+02
Hg+ 8.44E-02 1.78E-02 1.33E-01 4.64E-03 1.27E-02 2.53E-01
Mn+4 1.05E+01 2.85E+00 3.92E+00 1.12E+00 5.44E+00 2.38E+01

Na+ 3.50E+03 9.69E+03 3.46E+03 1.09E+02 1.39E+02 1.69E+04

Ni+2 1.63E+00 1.36E+00 1.37E+01 3.31E+01 3.89E-01 5.01E+01
N02- 2.56E+02 2.18E+02 3.95E+02 4.70E-01 5.06E+01 9.20E+02
N03- 6.24E+03 1.96E+04 5.10E+03 1.58E+01 1.99E+02 3.11E+04

OH- 2.22E+02 1.15E-+03 2.73E+02 1.75E+02 4.01E+01 1.86E+03
P04-3 1.24E+03 3.07E+01 6.63E+02 1.45E+01 2.04E-01 1.95E+03
SiO3- 1.17E+02 1.92E+02 3.60E+01 7.02E-01 6.08E-01 3.46E+02
S04-2 1.57E+02 3.50E+01 1.63E+02 4.67E+00 2.69E+00 3.62E+02
Sr+2 3.OOE-05 4.19E-03 4.38E+00 2.48E-02 1.39E-03 4.41E+0
W+4 1.43E+00 2.85E-01 2.14E+00 7.46E-02 2.03E-01 4.13E+00

Zr+4 5.85E+00 1.71E+00 3.17E+00 6.57E+00 3.88E-02 1.73E+01
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Table A.8 SST Chemical Inventory by Tank Group

-JtA GLE z E~ e:Z.-,7

SOLUBILITY OF TANKS LEFT IN PLACE + 1 % RESIDUALS
SOLUBILITY IN GRAMS/LITER
Chemical s&& S /A.II' W
Number of Tanks
Al(OH)4- 4.87E+00 7.15E+00 9.54E+00 1.20E+03 1.46E+01
AI+3 7.64E-01 3.63E+00 8.58E+00 2.73E+02 1.16E+01
Bi+3 5.71E+00 6.08E-04 2.20E+00 1.36E+01 O.OOE+00
C03-2 9.17E+00 2.42E-01 1.28E+01 2.31E+02 3.95E+00
Ca+2 1.15E-02 1.07E-01 3.01E-01 1.50E+03 2.69E+00
Cd+2 2.08E-02 1.39E-03 3.99E-02 4.52E-01 9.76E+00
Ce+3 3.07E+00 2.66E-01 1.32E+00 6.03E+00 4.78E-01
Cl- 3.97E-01 2.23E-02 3.07E-01 9.16E-01 1.79E-02
Cr+3 3.81E-02 7.64E-01 1.92E-02 2.91E+00 1.44E+00
CrO4-2 9.45E-03 1.89E-01 4.75E-03 7.21E-01 3.56E-01
F- 1.41E+00 1.44E-01 4.88E+66 1.88E+02 2.29E-01
Fe+3 4.55E+00 5.18E-01 2.98E+00 3.60E+02 4.43E+01
Fe(CN)6-4 9.14E-03 1.15E-02 2.09E+00 1.60E+03 9.21E-02
Hg+ 4.87E-03 3.27E-04 9.39E-03 1.06E-01 2.29E-02
Mn+4 6.04E-01 5.24E-02 2.76E-01 2.57E+01 9.82E+00
Na+ 2.02E+02 1.78E+02 2.44E+02 2.48E+03 2.51E+02
Ni+2 9.38E-02 2.51E-02 9.64E-01 7.55E+02 7.03E-01
N02- 1.48E+01 4.OOE+00 2.79E+01 1.07E+01 9.15E+01
N03- 3.60E+02 3.60E+02 3.60E+02 3.60E+02 3.60E+02
011- 1.28E+01 2.11E+01 1.93E+01 4.OOE+03 7.23E+01
P04-3 7.18E+01 5.64E-01 4.68E+01 3.30E+02 3.68E-01
Si03- 6.75E+00 3.53E+00 2.54E+00 1.60E+01 1.10E+00
S04-2 9.08E+00 6.45E-01 1.15E+01 1.07E+02 4.85E+O
Sr+2 1.73E-06 7.72E-05 3.09E-01 5.66E-01 2.51E-03
W+4 8.25E-02 5.24E-03 1.51E-01 1.70E+00 3.66E-01
Zr+4 3.37E-01 3.15E-02 2.23E-01 1.50E+02 7.00E-02
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SST Radionuclide Inventory by Tank Group

COMBINED INVENTORY OF REMAINING TANKS + 1% RESIDUALS

Inventory in GRAMS
SST group 1WSS 12WSS 1ESS 2ESS 14ESS fTotal

Number of Tank 40 43 40 16 10 1 149

Ac-225 1.04E-11 2.73E-11 1.48E-11 1.06E-11 2.31E-12 6.55E-11

Ac-227 9.59E-06 6.34E-06 1.29E-05 1.99E-06 1.26E-06 3.21E-05

Am-241 5.67E+01 7.21E+02 1.02E+02 8.84E+01 1.73E+02 1.14E+03

Am-242 3.15E-05 5.41E-04 9.59E-05 6.03E-05 1.44E-04! 8.72E-04

Am-242m 2.63E-02 4.50E-01 7.98E-02 5.02E-02 1.20E-Ol 7.26E-01

Am-243 6.50E-01 6.83E+00 2.16E+00 1.30E+00 3.27E+001 1.42E+01

At-217 3.74E-19 9.85E-19 5.35E-19 3.81E-19 8.34E-201 2.36E-18

Ba-137m 2.60E-04 S.49E-04 6.53E-04 9.79E-05 1.01E-041 1.96E-03

Bi-210 1.46E-14 3.34E-14 9.71E-15 1.00E-14 9.17E-15 7.69E-14

Bi-211 1.66E-12 1.1OE-12 2.23E-12 3.45E-13 2.18E-13 5.55E-12

Bi-212 0.OOE+00 O.OOE+0O 0.OOE+00 0.00E+00 0.00E+00 0.OOE+00

Bi-213 4.37E-11 1.15E-10 6.24E-11 4.44E-11 9.72E-12 2.75E-10

Bi-214 1.74E-16 4.11E-16 1.07E-16 8.43E-17 5.91E-17 8.35E-16

C-14 8.74E+00 1.03E+01 2.55E+01 2.21E+00 4.86E+00 5.17E+01

Cm-242 6.37E-05 1.09E-03 1.94E-04 1.22E-04 2.91E-04 1.76E-03

Cm-244 8.20E-03 1.68E-02 4.07E-02 1.34E-02 4.08E-02 1.20E-01

Cm-245 2.64E-04 5.71E-04 1.47E-03 4.79E-04 1.47E-03 4.26E-03

Cs-135 4.OOE+03 9.71E+03 5.26E+03 6.34E+02 5.85E+02 2.02E+04

Cs-137 1.71E+03 5.58E+03 4.29E+03 6.43E+02 6.66E+02 1.29E+04

Fr-221 3.40E-15 8.96E-15 4.86E-15 3.46E-15 7.58E-16 2.14E-14

Fr-223 2.48E-13 1.64E-13 3.33E-13 5.15E-14 3.25E-14 8.29E-13

1-129 1.76E+03 2.29E+03 3.61E+03 2.08E+02 3.51E+02 8.22E+03

Nb-93m 4.45E-02 1.05E+00 8.62E-02 1.11E-01 1.55E+00 2.85E+00

Ni-59 0.00E+00 2.12E+04 4.12E+04 0.OOE+00 0.OOE+00 6.24E+04

Ni-63 3.55E+01 4.55E+02 9.29E+01 7.71E+01 3.28E+02 9.89E+02

Np-237 2.OOE+03 2.70E+03 5.63E+03 3.77E+02 1.50E+02 1.09E+04

Np-238 6.31E-09 6.21E-08 1.56E-08 8.21E-09 3.35E-08 1.26E-07

Np-239 5.59E-07 5.86E-06 1.86E-06 1.12E-06 2.82E-06 1.22E-05

Pa-231 2.30E-02 1.71E-02 3.03E-02 5.86E-03 4.08E-03 8.04E-02

Pa-233 6.79E-05 9.17E-05 1.91E-04 1.28E-05 5.11E-06 3.69E-04

Pa-234 6.69E-07 1.14E-06 9.51E-07 6.82E-07 2.33E-07 3.68E-06

Pa-234m 1.21E-08 2.07E-08 1.72E-08 1.24E-08 4.23E-09 6.67E-08

Pb-209 1.31E-11 3.46E-11 1.88E-11 1.34E-11 2.92E-12 8.27E-11

Pb-210 2.37E-11 5.43E-11 1.58E-11 1.62E-11 1.49E-11 1.25E-10

Pb-211 2.8lE-1l 1.86E-11 3.78E-11 5.84E-12 3.69E-12 9.40E-11

Pb-212 0.OOE+00 O.OOE+0O 0.OOE+00 O.OOE+00 0.00E+00 0.OOE+00

Pb-214 2.33E-16 5.53E-16 1.43E-16 1.13E-16 7.93E-17 1.12E-15

Pd-107 3.16E+03 3.97E+03 6.44E+03 3.96E+02 7.00E+02 1.47E+04

Po-210 4.02E-13 9.22E-13 2.68E-13 2.87E-13 2.64E-13 2.14E-12

Po-211 1.63E-17 3.99E-17 2.09E-17 7.48E-18 3.06E-18 8.76E-17

Po-212 0.00E+0O 0.OOE+0O 0.COE+00 0.OOE+0O 0.OOE+00 0.00E+00
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-Tabe--T
SST Radionuclide Inventory by Tank Group

Po-213 4.69E-23 1.23E-22 6.68E-231 4.76E-23 1.04E-23, 2.95E-22
Po-214 2.37E-23 5.63E-23 1.46E-231 1.16E-231 8.O8E-241 1.14E-22

Po-215 2.35E-17 1.55E-17 3.16E-17 4.89E-18 3.09E-181 7.86E-17

Po-216 O.OOE+00 0.00E+00 0.00E+00 O.OOE+00 0.00E+00 O.OOE+00

Po-218 2.70E-17 6.41E-17 1.66E-171 1.31E-171 9.20E-18 1.30E-16

Pu-238 2.45E+00 7.39E+00 1.45E+001 1.39E+00 4.40E+00 1.71E+01

Pu-239 9.86E+03 2.33E+04 7.41E+03 7.85E+03 1.54E+041 6.38E+04

Pu-240 4.54E+02 1.39E+03 4.OOE+02 5.18E+02 1.15E+031 3.92E+03

Pu-241 4.93E+00 2.35E+01 8.57E+00 9.31E+00 3.32E+01 7.94E+01

Pu-242 9.89E-04 9.79E-03 3.75E-03 2.53E-03 2.26E-03 1.93E-02

Ra-223 1.36E-08 8.96E-09 1.82E-08 2.82E-09 1.78E-09 4.53E-08

Ra-224 0.00E+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 0.00E+00

Ra-225 1.54E-11 4.05E-11 2.19E-11 1.57E-11 3.44E-12 9.69E-11

Ra-226 7.74E-09 1.84E-08 4.75E-09 3.76E-09 2.63E-09 3.72E-08

Ra-228 0.00E+O0 0.OOE+0O 0.OOE+0O 0.ODE+0O 0.00E+0O 0.OOE+00

Rh-106 2.17E-15 1.72E-12 2.09E-12 3.42E-12 1.84E-11 2.57E-11

Rn-219 5.01E-14 1.18E-13 6.13E-14 1.49E-14 3.51E-15 2.48E-13

Rn-220 O.OOE+00 O.OOE+00 0.00E+00 0.00E+00 O.OE+0O 0.OE+00

Rn-222 4.97E-14 1.18E-13 3.05E-14 2.41E-14 1.69E-14 2.39E-13

Ru-106 9.72E-10 2.76E-06 1.19E-06 5.99E-07 1.09E-04 1.13E-04

Sb-126 4.71E-06 1.36E-04 6.39E-06 9.22E-06 1.40E-04 2.96E-04

Sb-126m 3.58E-08 1.03E-06 4.85E-08 7.01E-08 1.06E-06 2.25E-06

Se-9 2.54E+02 3.27E+02 5.21E+02 2.94E+01 4.91E+01 1.18E+03

Sm-151 1.60E+02 3.44E+03 1.94E+02 2.81E+02 3.01E+03 7.08E+03

Sn-126 9.93E+01 2.86E+03 1.35E+02 1.94E+02 2.95E+03 6.24E+03

Sr-90 1.582+03 5.42E+04 5.97E+03 2.17E+03 5.68E+04 1.21E+05

Tc-99 1.26E+04 1.64E+04 2.60E+04 1.47E+03 2.45E+03 5.90E+04

Th-227 2.23E-08 1.47E-08 2.99E-08 4.632-09 2.94E-09 7.45E-08
Th-228 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.002+00 0.00E+00

Th-229 2.84E-06 7.48E-06 4.05E-06 2.89E-06 6.38E-07 1.79E-05
Th-230 5.872-05 1.51E-04 3.62E-05 3.442-05 2.02E-05 3.00E-04

Th-231 6.70E-05 1.28E-04 9.592-05 6.79E-05 2.48E-05 3.832-04

Th-232 8.24E-09 7.46E-08 2.092-08 6.502-08 9.02E-08 2.59E-07

Th-234 3.60E-04 6.15E-04 5.12E-04 3.67E-04 1.26E-04 1.98E-03

TI-207 3.64E-12 2.41E-12 4.89E-12 7.57E-13 4.79E-13 1.22E-11

TI-208 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TI-209 1.22E-17 1.64E-17 3.36E-17 1.10E-17 4.94E-17 1.23E-16

U-233 4.072-02 9.04E-02 6.942-02 2.50E-02 1.14E-02 2.372-01
U-234 1.08E+00 2.88E+00 7.18E-01 5.47E-01 1.02E+00 6.25E+00

U-235 1.64E+05 3.12E+05 2.35E+05 1.66E+05 6.09E+04 9.39E+05
U-236 1.642-01 1.49E+00 4.16E-01 1.30E+00 1.80E+00 5.162+00
U-237 5.78E-08 4.40E-07 1.86E-07 5.07E-07 6.28E-07 1.82E-06

U-238 2.472+07 4.23E+07 3.52E+07 2.522+07 8.63E+06 1.36E+08
Y-90 4.092+01 1.41E+03 1.552+02 5.63E+01 1.47E+03 3.14E+03

Zr-93 1 4.62E+03 1.70E+05 8.34E+031 1.31E+04 3.35E+05 5.31E+05
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SST Radionuclide Inventory by Tank Group

INVENTORY IN GRAMS lb.1 TAL2. ,3or Saec4- 9k kff'&t
REMAINING Radionuclide INVENTORY FOLLOWING SEL RETRIEVAL I
SST group 1WSS |2WSS iiESS 2ESS 14ESS 8Total

Number of Tanks 28 | 28 | 17 10 1 6 1 89
Ac-225 1.02E-11 2.71E-11 1.39E-11 1.03E-11 1.84E-12 6.34E-11

Ac-227 8.96E-06 5.81E-06 1.18E-05 1.79E-06 1.23E-061 2.96E-05

Am-241 5.22E+01 7.OOE+02 8.10E+01 6.04E+01 1.61E+02 1.05E+03

Am-242 2.84E-05 5.22E-04 7.30E-05 3.56E-05 1.34E-04i 7.93E-04
Am-242m 2.37E-02 4.34E-01 6.07E-02 2.96E-02 1. 12E-01' 6.60E-01

Am-243 6.04E-01 6.50E+00 1.69E+00 7.19E-01 3.14E+0] 1.27E+01

At-217 3.67E-19 9.77E-19 5.02E-19 3.70E-19 6.62E-201 2.28E-18

Ba-137m 2.47E-04 7.86E-04 5.92E-04 9.65E-05 9.99E-05 1.82E-03

Bi-210 1.35E-14 3.28E-14 8.71E-15 9.53E-15 9.03E-15 7.36E-14

Bi-211 1.55E-12 1.00E-12 2.04E-12 3.11E-13 2.14E-13 5.12E-12

Bi-212 0.00E+00 O.OOE+0O 0.OOE+00 0.OOE+00 0.00E+00 0.OOE+00

Bi-213 4.28E-11 1.14E-10 5.85E-11 4.32E-11 7.72E-12 2.66E-10

Bi-214 1.61E-16 4.04E-16 9.56E-17 7.83E-17 5.60E-17 7.95E-16

C-14 8.18E+00 9.30E+00 2.16E+01 1.74E+00 4.49E+00j 4.53E+01

Cm-242 5.75E-05 1.05E-03 1.47E-04 7.19E-05 2.72E-04 1.60E-03

Cm-244 7.88E-03 1.39E-02 3.48E-02 6.78E-03 4.03E-02 1.04E-01

Cm-245 2.54E-04 4.73E-04 1.26E-03 2.41E-04 1.45E-03 3.68E-03

Cs-135 3.86E+03 9.21E+03 4.84E+03 6.26E+02 5.72E+02 1.91E+04

Cs-137 1.63E+03 5.16E+031 3.89E+03 6.34E+02 6.56E+02 1.20E+04

Fr-221 3.34E-15 8.89E-15 4.56E-15 3.37E-15 6.02E-16 2.08E-14

Fr-223 2.31E-13 1.50E-13 3.04E-13 4.64E-14 3.18E-14 7.64E-13

1-129 1.68E+03 2.06E+03 3.12E+03 1.75E+02 3.45E+02 7.37E+03

Nb-93m 4.16E-02 1.04E+00 7.27E-02 9.68E-02 1.51E+00 2.76E+00
Ni-59 0.00E+00 2.12E+04 4.12E+04 0.00E+00 0.00E+00 6.24E+04

Ni-63 3.47E+01 4.51E+02 8.46E+01 6.77E+01 3.13E+02 9.51E+02

Np-237 1.90E+03 2.57E+03 4.97E+03 3.76E+02 1.45E+02 9.96E+03
Np-238 5.87E-09 5.91E-08 1.23E-08 4.53E-09 3.222-08 1.14E-07
Np-239 5.20E-07 5.58E-06 1.45E-06 6.162-07 2.71E-06 1.09E-05

Pa-231 2.12E-02 1.57E-02 2.73E-02 5.19E-03 3.99E-031 7.34E-02

Pa-233 6.45E-05 8.73E-05 1.69E-04 1.28E-05 4.94E-06 3.38E-04

Pa-234 5.34E-07 1.10E-06 8.27E-07 6.36E-07 2.22E-07 3.32E-06
Pa-234m 9.69E-09 2.OOE-08 1.50E-08 1.152-08 4.03E-09 6.02E-08
Pb-209 1.29E-11 3.43E-11 1.76E-11 1.30E-11 2.32E-12 8.01E-11

Pb-210 2.19E-11 5.33E-11 1.41E-11 1.55E-11 1.46E-11 1.19E-10

Pb-211 2.63E-11 1.70E-11 3.45E-11 5.26E-12 3.62E-12 8.66E-11

Pb-212 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Pb-214 2.17E-16 5.43E-16 1.282-16 1.05E-16 7.52E-17 1.07E3-15

Pd-107 3.01E+03 3.55E+03 5.52E+03 3.28E+02 6.88E+02 1.31E+04

Po-210 3.72E-13 9.05E-13 2.402-13 2.74E-13 2.61E-13 2.05E-12
Po-211 1.512-17 3.92E-17 1.87E-17 7.14E-18 3.02E-18 8.31E-17

Po-212 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Po-213 4.60E-23 1.22E-221 6.27E-23j 4.63E-231 8.30E-24 2.85E-22

Po-214 2.21E-23 5.53E-231 1.31E-23j 1.07E-23 7.67E-24i 1.09E-22

Po-215 2.20E-17 1.42E-17 2.89E-17 4.40E-18I 3.02E-18i 7.25E-17

Po-216 .0OE+00 .OOE+0O 0.OOE+0O 0.OOE+00j 0.OOE+00 O.OE+00

Po-218 2.51E-17 6.30E-17 1.49E-17 1.22E-17 8.73E-18 1.24E-16

Pu-238 2.35E+00 7.29E+00 1.35E+00 1.29E+00 4.31E+001 1.66E+01

Pu-239 9.62E+03 2.29E+04 7.01E+03 7.13E+03 1.48E+04; 6.15E+04

Pu-240 4.40E+02 1.37E+03 3.73E+02 4.68E+02 1.11E+03 3.76E+03

Pn-241 4.59E+00 2.31E+01 7.82E+00 8.09E+00 3.24E+01 7.60E+01

Pu-242 9.65E-04 9.64E-031 3.55E-03 2.30E-03 2.18E-03 1.86E-02

Ra-223 1.27E-08 8.20E-09 1.66E-08 2.54E-09 1.74E-091 4.18E-08

Ra-224 0.OOE+00 0.00E+00 0.00E+0O 0.OOE+0O 0.OOE+00j 0.OOE+00

Ra-225 1.51E-11 4.01E-11 2.06E-11 1.52E-11 2.73E-12 9.38E-11

Ra-226 7.19E-09 1.80E-08 4.26E-09 3.49K-09 2.50E-091 3.55E-08

Ra-228 0.00E+00 0.00E+0 0 0.00E+00 0.O.E+00 0.00E+00

Rh-106 2.01E-15 1.69E-12 1.88E-12 3.17E-12 1.75E-11 2.42E-11

Rn-219 4.65E-14 1.16E-13 5.50E-14 1.38E-14 3.33E-15 2.35E-13

Rn-220 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Rn-222 4.61E-14 1.16E-13 2.73E-14 2.24E-14 1.60E-14 2.27E-13

Ru-106 7.96E-10 2.74E-06 9.46E-07 3.08E-07 1.09E-04 1.13E-04

Sb-126 3.79E-06 1.34E-04 5.64E-06 7.61E-06 1.37E-04 2.88E-04

Sb-126m 2.88E-08 1.02E-06 4.27E-08 5.79E-08 1.04E-06 2.19E-06

Se-79 2.42E+02 2.94E+02 4.50E+02 2.502+01 4:82E+01 1.06E+03

Sm-151 1.37E+02 3.40E+03 1.75E+02 2.45E+02 2.94E+03 6.90E+03

Sn-126 7.98E+01 2.83E+03 1.19E+02 1.60E+02 2.89E+03 6.08E+03

Sr-90 1.48E+03 5.37E+04 5.42E+03 1.83E+03 5.60E+04 1.18E+05

Tc-99 1.20E+04| 1.48E+04| 2.25E+04 1.252+03 2.41E+03 5.29E+04

Th-227 2.08E-08 1.35E-081 2.74E-08 4.17E-09 2.87E-09 6.87E-08
Th-228 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Th-229 2.79E-06 7.42E-06 3.80E-06 2.81E-06 5.08E-07 1.73E-05

Th-230 5.48E-05 1.48E-04 3.28E-05 3.25E-05 1.88E-05 2.87E-04

Th-231 5.37E-05 1.232-04 8.35E-05 6.32E-05 2.37E-05 3.47E-04

Th-232 6.61E-09 7.20E-08 1.82E-08 6.04E-08 8.62E-08 2.43E-07
Th-234 2.88E-04 5.93E-04 4.45E-04 3.42E-04 1.20E-04 1.79E-03

TI-207 3.40E-121 2.20E-121 4.47E-12 6.81E-13 4.69E-13 1.12E-11

TI-208 0.00E+00 0.00E+001 0.00E+00 0.00E+00 0.00E+00 0.00E+00
TI-209 1.14E-17 1.50E-171 3.07E-17 9.91E-18 4.84E-17 1.15E-16

U-233 3.99E-02 8.94E-02 6.38E-02 2.44E-02 1.03E-02 2.28E-01

U-234 1.01E+00 2.84E+00 6.552-01 5.03E-01 9.92E-01 6.00E+00

U-235 1.32E+05 3.02E+05 2.05E+05 1.55E+05 5.822+04 8.512+05

U-236 1.32E-01 1.44E+00 3.622-01 1.21E+00 1.72E+00 4.86E+00
U-237 4.64E-08 4.25E-07 1.62E-07 4.722-07 6.002-07 1.71E-06

U-238 1.98E+07 4.08E+07 3.06E+07 2.35E+07 8.22E+06 1.23E+08

Y-90 3.84E+01 1.40E+03 1.412+02 4.75E+01 1.45E+03 3.08E+03
Zr-93 4.48E+031 1.68E+05 7.452+03 1.09E+04 3.29E+05| 5.20E+05
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SOLUBILITY OF SSTS LEFT IN PLACE + 1 % RESIDUALS
SOLUBILITY IN GRAMS/LITER
Chemical
Number of Tanks
A(OH)4- 4.87E+00 7.15E+00 9.54E+00 1.20E+03 1.46E+01
A1+3 7.64E-01 3.63E+00 8.58E+00 2.73E+02 1.16E+01
Bi+3 5.71E+00 6.08E-04 2.20E+00 1.36E+01 O.OOE+00
C03-2 9.17E+00 2.42E-01 1.28E+01 2.31E+02 3.95E+0
Ca+2 1.15E-02 1.07E-01 3.01E-01 1.50E+03 2.69E+00
Cd+2 2.08E-02 1.39E-03 3.99E-02 4.52E-01 9.76E+0
Ce+3 3.07E+00 2.66E-01 1.32E+00 6.03E+00 4.78E-01
Cl- 3.97E-01 2.23E-02 3.07E-01 9.16E-01 1.79E-02
Cr+3 3.81E-02 7.64E-01 1.92E-02 2.91E+00 1.44E+00
CrO4-2 9.45E-03 1.89E-01 4.75E-03 7.21E-01 3.56E-01
F- 1.41E+00 1.44E-01 4.88E+00 1.88E+02 2.29E-01
Fe+3 4.55E+00 5.18E-01 2.98E+00 3.60E+02 4.43E+01
Fe(CN)6-4 9.14E-03 1.15E-02 2.09E+00 1.60E+03 9.21E-02
Hg+ 4.87E-03 3.27E-04 9.39E-03 1.06E-01 2.29E-02
Mn+4 6.04E-01 5.24E-02 2.76E-01 2.57E+01 9.82E+00
Na+ 2.02E+02 1.78E+02 2.44E+02 2.48E+03 2.51E+02
Ni+2 9.38E-02 2.51E-02 9.64E-01 7.55E+02 7.03E-01
N02- 1.48E+01 4.COE+00 2.79E+01 1.07E+01 9.15E+01
N03- 3.60E+02 3.60E+02 3.60E+02 3.60E+02 3.60E+02
OH- 1.28E+O1 2.11E+01 1.93E+01 4.00E+03 7.23E+01
P04-3 7.18E+01 5.64E-01 4.68E+01 3.30E+02 3.68E-01
Si03- 6.75E+00 3.53E+00 2.54E+00 1.60E+01 1.10E+00
S04-2 9.08E+00 6.45E-01 1.15E+01 1.07E+02 4.85E+0
Sr+2 1.73E-06 7.72E-05 3.09E-01 5.66E-01 2.51E-03
W+4 8.25E-02 5.24E-03 1.51E-01 1.70E+00 3.66E-01
Zr+4 3.37E-01 3.15E-02 2.23E-01 1.50E+02 7.00E-02
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SST Radionuclide Inventory by Tank Group

SOLUBILITY OF COMBINED INVENTORY I I

COMBINED INVENTORY OF REMAINING TANKS + 1% RESIDUALS

solubility= (mass radionuclide/mass nitrate)*360 I
SST group ]WSS [2WSS lIESS 12ESS 14ESS
Number of Tanks 40 43 40 16 10
Ac-225 5.99E-19 5.03E-19 1.05E-18 2.41E-16 4.18E-18

Ac-227 5.54E-13 1.17E-13 9.09E-13 4.55E-11 2.27E-12

Am-241 3.27E-06 1.33E-05 7.21E-06 2.02E-03 3.13E-04

Am-242 1.82E-12 9.95E-12 6.76E-12 1.38E-09 2.60E-10

Am-242m 1.52E-09 8.28E-09 5.63E-09 1.15E-06 2.16E-07
Am-243 3.75E-08 1.26E-07 1.52E-07 2.97E-05 5.91E-06
At-217 2.16E-26 1.81E-26 3.77E-26 8.69E-24 1.51E-25
Ba-137m 1.50E-11 1.56E-11 4.60E-11 2.23E-09 1.83E-10
Bi-210 8.42E-22 6.15E-22 6.85E-22 2.28E-19 1.66E-20
Ei-211 9.59E-20 2.02E-20 1.57E-19 7.88E-18 3.94E-19
Bi-212 O.OE+00 O.OE+00 O.OOE+00 O.OOE+00 O.OOE+00
Bi-213 2.52E-18 2.12E-18 4.40E-18 1.01E-15 1.76E-17
Bi-214 1.00E-23 7.57E-24 7.51E-24 1.93E-21 1.07E-22

C-14 5.05E-07 1.90E-07 1.80E-06 5.05E-05 8.77E-06
Cm-242 3.67E-12 2.01E-11 1.37E-11 2.78E-09 5.25E-10
Cm-244 4.73E-10 3.08E-10 2.87E-09 3.06E-07 7.37E-08
Cm-245 1.52E-11 1.05E-11 1.04E-10 1.09E-08 2.66E-09
Cs-135 2.31E-04 1.79E-04 3.71E-04 1.45E-02 1.06E-03
Cs-137 9.89E-05 1.03E-04 3.02E-04 1.47E-02 1.20E-03
Fr-221 1.96E-22 1.65E-22 3.43E-22 7.90E-20 1.37E-21
Fr-223 1.43E-20 3.02E-21 2.35E-20 1.18E-18 5.87E-20
1-129 1.01E-04 4.21E-05 2.55E-04 4.74E-03 6.34E-04

Nb-93m 2.57E-09 1.94E-08 6.08E-09 2.54E-06 2.81E-06
Ni-59 0.00E+00 3.89E-04 2.91E-03 0.00E+00 0.00E+00
Ni-63 2.05E-06 8.37E-06 6.55E-06 1.76E-03 5.93E-04
Np-237 1.15E-04 4.97E-05 3.97E-04 8.60E-03 2.71E-04

Np-238 3.64E-16 1.14E-15 1.IOE-15 1.87E-13 6.05E-14
Np-239 3.22E-14 1.08E-13 1.31E-13 2.55E-11 5.09E-12
Pa-231 1.33E-09 3.16E-10 2.14E-09 1.34E-07 7.37E-09
Pa-233 3.92E-12 1.69E-12 1.35E-11 2.93E-10 9.23E-12
Pa-234 3.86E-14 2.10E-14 6.71E-14 1.56E-11 4.21E-13
Pa-234m 7.00E-16 3.81E-16 1.22E-15 2.82E-13 7.63E-15
Pb-209 7.58E-19 6.36E-19 1.32E-18 3.05E-16 5.28E-18
Pb-210 1.37E-18 9.99E-19 1.11E-18 3.71E-16 2.69E-17
Pb-211 1.62E-18 3.42E-19 2.66E-18 1.33E-16 6.67E-18
Pb-212 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00
Pb-214 1.35E-23 1.02E-23 1.01E-23 2.59E-21 1.43E-22
Pd-107 1.82E-04 7.31E-05 4.54E-04 9.05E-03 1.26E-03
Po-210 2.32E-20 1.70E-20 1.89E-20 6.56E-18 4.77E-19
Po-211 9.43E-25 7.34E-25 1.47E-24 1.71E-22 5.53E-24
Po-212 I 0.00E+00 0.00E+00, 0.00E+00 0.00E+00 0.00E+00
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Po-213 I 2.71E-301 2.27E-301 4.71E-30 1.09E-27 1.89E-29

Po-214 1.37E-30 1.04E-30, 1.03E-30 2.64E-28 1.46E-29

Po-215 1 .36E-24 2.86E-251 2.23E-241 1. 12E-22 5.57E-24

Po-216 O.OOE+00 O.OOE+00 0.00E+00 0.00E+OQ 0.00E+0

Po-218 1.56E-24 1.18E-24 1. 17E-241  3.OOE-22 1.66E-23

Pu-238 1.41E-07 1.36E-07 1.02E-07 3.18E-051 7.94E-06

Pu-239 5.69E-04 4.28E-04 5.23E-04 1.79E-011 2.78E-02

Pu-240 2.62E-05| 2.56E-05| 2.82E-.05 1.1SE-02I 2.OSE-03

Pu-241 2.85E-07 4.32E-07 6.05E-07 2.12E-041 5.99E-05

Pu-242 5.71E-11 1.80E-10 2.65E-10 5.77E-08i 4.09E-09

Ra-223 7.82E-16 1.65E-16 1.28E-15 6.43E-141 3.21E-15

Ra-224 O.OOE+00 O.OOE+00 0.00E+00 0.00E+00 O.OOE+00

Ra-225 8.88E-19 7.44E-19 1.55E-18 3.57E-16 6.21E-18

Ra-226 4.47E-16 3.38E-16 3.35E-16 8.59E-14 4.75E-15

Ra-228 O.OQE+00 0.001E+00 O.OE+00 0.00E+00 O.OQE+00

Rh-106 1.25E-221 3.17E-20 1.48E-19 7.80E-17 3.33E-17

Rn-219 2.89E-211 2.17E-21 4.33E-21 3.40E-19 6.34E-21

Rn-220 0.00E+00 0.O.E+00 0..OE+00 0.0OE+00

Rn-222 2.87E-211 2.17E-21 2.15E-21 5.51E-19 3.05E-20

Ru-106 5.61E-171 5.08E-14 8.36E-14 1.37E-11 1.96E-10

Sb-126 2.72E-131 2.50E-12 4.51E-13 2.11E-10 2.53E-10

Sb-126m 2.07E-151 1.90E-14 3.42E-15 1.60E-12 1.92E-12

Se-79 1.47E-051 6.02E-06 3.68E-05 6.71E-04 8.87E-05

Sm-151 9.23E-061 6.33E-05 1.37E-05 6.43E-03 5.43E-03

Sn-126 5.73E-061 5.27E-05 9.49E-06 4.44E-03 5.33E-03

Sr-90 9.10E-051 9.97E-04 4.21E-04 4.95E-02 1.03E-01

Tc-99 7.28E-04 3.02E-04 1.84E-03 3.36E-02 4.43E-03

Th-227 1.29E-15 2.71E-16 2.11E-15 1.06E-13 5.30E-15

Th-228 0.002+00 0.00E+00 0.OOE+00 0.002+00 0.00E+00

Th-229 1.64E-13 1.38E-13 2.85E-13 6.60E-11 1.15E-12

Th-230 3.39E-12 2.77E-12 2.55E-12 7.86E-10 3.65E-11

Th-231 3.87E-12 2.35E-12 6.76E-12 1.55E-09 4.48E-11

Th-232 4.75E-16, 1.37E-15 1.47E-15 1.48E-12 1.63E-13

Th-234 2.08E-111 1.13E-11 3.61E-11 8.382-09 2.27E-10

TI-207 2.10E-191 4.43E-20 3.45E-19 1.73E-17 8.65E-19

TI-208 0.OOE+001 0.00E+00 0.00E+00 0.002+00 0.00E+00

TI-209 7.04E-25[ 3.012-25 2.37E-24 2.51E-22 8.92E-23

U-233 2.35E-09 1.66E-09 4.89E-09 5.70E-07 2.062-08

U-234 6.24E-08 5.31E-08 5.06E-08 1.25E-05 1.85E-06

U-235 9.47E-03 5.75E-03 1.66E-02 3.802+00 1.10E-01

U-236 9.48E-09 2.74E-08 2.93E-08 2.96E-05 3.25E-06

U-237 3.342-15 8.092-15 1.32E-14 1.16E-11 1.13E-12

U-238 1.43E+00 7.78E-01 2.48E+00 5.76E+02 1.56E+01

Y-90 2.36E-06 2.59E-05 1.09E-05 1.29E-03 2.66E-03

Zr-93 2.67E-041 3.12E-031 5.88E-04 2.98E-01 6.05E-01
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RETRIEVAL LEAKAGE

Solubility of Radionuclides in SSTs to be retrieved

solubility in grams per liter i i i

SST group 1WSS 2WSS IESS 228 14ESS
Number of Ta 12 15 2 4

Ac-225 3.51E-19 3.12E-19 2.34E-181 4.21-171 3.62E-18

Ac-227 7.36E-13 2.88E-12 2.91E-11]

Am-241 7.96E-06 2.86E-05 5.48E-05 4.10E-031 9.10E-05

Am-242 5.47E-12 2.62E-11 5.91E-11 3.62E-09 7.25E-11

Am-242m 4.55E-09 2.18E-08 4.91E-08 3.02E-06 6.03E-08

Am-243 8.08E-08 4.55E-07 1.21E-06 8.55E-05 9.63E-07

At-217 1.26E-26 1.12E-26 8.45E-26 1.52E-24 1.30-25

Ba-137m 2.38E-11 8.66E-11 1.56E-10 2.05E-10 1.18E-11

Bi-210 1.93E-21 8.43E-22 2.59E-21 6.982-20 1.05E-21

Bi-211 1.95E-19 1.27E-19 4.98E-19 5.04E-18 3.45E-20

Ri-212 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Bi-213 1.48E-18 1.31E-18 9.85E-18 1.77E-16 1.521317

Bi-214 2.19E-23 1.02E-23 2.82E-23 8.84E-22 2.32E-23

C-14 9.99E-07 1.40E-06 1.01E-05 6.89E-05 2.802-06

Cm-242 1.10E-11 5.29E-11 1.19E-10 7.32E-09 1.46E-10

Cm-244 5.74E-10 3.91E-09 1.52E-08 9.68E-07 3.75E-09

Cm-245 1.71E-11 1.34E-10 5.46E-10 3.49E-08 1.35E-10

Cs-135 2.53E-04 6.91E-04 1.07E-03 1.15E-03 9.83E-05

Cs-137 1.56E-04 5.69E-04 1.03E-03 1.35E-03 7.79E-05

Fr-221 1.15E-22 1.02E-22 7.682-22 1.38E-20 1.19E-21

Pr-223 2.912-20 1.90E-20 7.44E-20 7.53-19 5.15E-21

1-129 1.43E-04 3.18E-04 1.27E-03 4.76E-03 4.812-05

Nb-93m 5.08E-09 2.13E-08 3.49E-08 2.14E-06 3.23E-07

Ni-59 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Ni-63 1.46E-06 5.21E-06 2.13E-05 1.38E-03 1.18E-04

Np-237 1.77E-04 1.81E-04 1.70E-03 1.52E-04 3.78E-05

Np-238 7.82E-16 4.14E-15 8.732-15 5.39E-13 9.82E-15

Np-239 6.93E-14 3.90E-13 1.04E-12 7.34E-11 8.25E-13

Pa-231 3.28E-09 1.93E-09 7.71E-09 9.82E-08 7.30E1-10

Pa-233 6.01E-12 6.16E-12 5.802-11 5.13E-12 1.28E-12

Pa-234 2.39E-13 5.69E-14 3.20E-13 6.74E-12 8.48E-14

Pa-234m 4.332-15 1.03E-15 5.80E-15 1.222-13 1.54E-15

Pb-209 4.43E-19 3.94E-19 2.96E-18 5.322-17 4.57E-18

Pb-210 3.14E-18 1.37E-18 4.20E-18 1.13E-16 1.70E-18

Pb-211 3.29E-18 2.16E-18 8.43E-18 8.522-17 5.83E-19

Pb-212 0.00E+00 0.002+00 0.00E+00 0.OOE+00 0.00E+00

Pb-214 2.94E-23 1.372-23 3.80E-23 1.19E-21 3.11E-23

Pd-107 2.62E-04 5.79E-04 2.37E-03 1.01E-02 9.27E-05

Po-210 5.34E-20 2.33E-20 7.14E-20 1.91E-18 2.81E-20

Po-211 2.17E-24 1.01E-24 5.56E-24 4.97E-23 3.26E-25

Po-212 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Po-213 1.58E-301 1.40E-301 1.06E-291 1.89E-281 1.63E-29

Po-214 3.00E-30 1.40E-30 3.87-301 1.21E-281 3.17E-30

Po-215 2.76E-24 1.81E-241 7.05E-241 7.14E-231 4.89E-25

Po-216 0.00E+00 0.00E+001 0.00E+001 0.00E+001 0.00E+00

Po-218 3.41E-24 1.59E-24 4.40E-24 1.38E-22 3.61E-24

Pu-238 1.781-07 1.39E-07 2.46E-07 1.53E-05[ 6.74E-07

PU-239 4.31E-04 4.87E-04 1.041-03 1.05E-011 4.56E-03

Pu-240 2.45E-05 2.932-05 6.99E-05 7.39E-031 3.10E-04

PU-241 6.01-07 5.36E-07 1.94E-06 1.77E-04[ 5.77E-06

PU-242 4.32E-11 2.05E-10 5.25E-10 3.39E-08 6.72E-10

Ra-223 1.59E-15 1.04E-15 4.06E-15 4.11E-14 2.81E-16

Ra-224 0.00E+00 0.00E+00 0.002+00 0.00E+00 0.00E+00

Ra-225 5.19E-19 4.62E-19 3.47E-18 6.22E-17 5.35E-18

Ra-226 9.761316 4.56E-16 1.26E-15 3.95E-14 1.03E-15

Ra-228 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00

Rh-106 2.73E-22 4.282-20 5.56E-19 3.59E-17 7.242-18

Rn-219 6.32E-21 2.93E-21 1.63E-20 1.56E-19 1.38E-21

Rn-220 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Rn-222 6.26E-21 2.92E-21 8.09E-21 2.532-19 6.63E-21

Ru-106 3.14E-16 3.25E-14 6.18E-13 4.26E-11 7.89E-13

Sb-126 1.64E-12 2.01E-12 1.95E-12 2.36E-10 2.25E-11

Sb-126m 1.25E-14 1.52E-14 1.48E-14 1.79E-12 1.71E-13

Se-79 2.07E-05 4.60E-05 1.83E-04 6.50E-04 6.79E-06

Sm-151 4.01E-05 4.99E-05 4.96E-05 5.32E-03 4.98E-04

Sn-126 3.45E-05 4.22E-05 4.10E-05 4.97E-03 4.75E-04

Sr-90 1.67E-04 6.83E-04 1.42E-03 4.95E-02 6.19E-03

Tc-99 1.03E-03 2.28E-03 9.11E-03 3.26E-02 3.372-04

Th-227 2.61E-15 1.71E-15 6.69E-15 6.76E-14 4.62E-16

Th-228 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00

Th-229 9.61E-14 8.53E-14 6.42E-13 1.15E-11 9.89E-13

Th-230 7.02E-12 3.35E-12 8.83E-12 2.82E-10 1.04E-11

Th-231 2.35E-11 5.98E-12 3.19E-11 6.93E-10 8.31E-12

-h-232 2.90E-15 3.50E-15 6.94E-15 6.62E-13 3.02E-14

Th-234 1.28E-10 3.06E-11 1.72E-10 3.63E-09 4.57E-11

TI-207 4.27E-19 2.80E-19 1.09E-18 1.11E-17 7.56E-20

TI-208 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Tn-209 1.43F,24 1.90E-24 7.49E-24 1.61E-22 7.80E-24

U-233 1.52E-09 1.28E-09 1.43E-08 8.78E-08 8.59E-09

U-234 1.23207 6.27E-08 1.632-07 6.46E-06 2.34E-07

U-235 5.77E-02 1.472-02 7.81E-02 1.70E+00 2.03E-02

U-236 5.77E-08 6.98E-08 1.38E-07 1.32E-05 6.012-07

U-237 2.03E-14 2.06E-14 6.20E-14 5.17E-12 2.10E-13

U-238 8.83E+00 2.11E+00 1.18E+01 2.49E+02 3.14E+00

Y-90 4.33E-06 1.77E-05 3.68E-05 1.28E-03 1.61E-04

Zr-93 2.44E-04 2.09E-03 2.31E-03 3.16E-01 4.47E-02
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RETRIEVAL LEAKAGE

SST retrieval based releases in grams
total grams released during retrieval I
SST group 1WSS 2WSS 1E 12E[SS 4ESS

Number of Tan 12 15 23 6 4

Ac-225 6.38E-14 5.67E-14 4.26E-131 7.64E-121 6.57E-13

Ac-227 2.04E-07 1.34E-07 5.23E-071 5.29E-061 3.62E-08

Am-241 1.45E+00 5.20E+00 9.95E+00 7.46E+021 1.65E+01

Am-242 9.93E-07 4.75E-06 1.07E-05 6.58E-041 1.32E-05

Am-242m 8.26E-041 3.96E-03 8.93E-03 5.48E-01 1.10E-02

Am-243 1.47E-021 8.27E-02 2.19E-01 1.55E+01 1.75E-01

At-217 2.30E-21 2.04E-21 1.53E-20 2.75E-19 2.37E-20

Ba-137m 4.33E-06 1.57E-05 2.84E-05 3.72E-05 2.15E-06

Bi-210 3.51E-161 1.53E-16 4.70E-16 1.27E-14 1.91E-16

Bi-211 3.54E-141 2.31E-14 9.05E-14 9.15E-13 6.26E-15

Bi-212 O.OOE+00 O.OOE+00 O.OQE+00 O.OQE+00 O.OQE+00

Bi-213 2.68E-13 2.38E-13 1.79E-12 3.21E-11 2.76E-12

Bi-214 3.97E-18 1.85E-18 5.13E-18 1.61E-16 4.21E-18

C-14 1.82E-01 2.54E-01 1.84E+00 1.25E+01 5.08E-01

Cm-242 2.01E-06 9.61E-06 2.17E-05 1.33E-03 2.66E-05

Cm-244 1.04E-04 7.10E-04 2.77E-03 1.76E-01 6.81E-04

Cm-245 3.12E-061 2.44E-05 9.93E-05 6.33E-03 2.45E-05

Cs-135 4.60E+01 1.26E+02 1.94E+02 2.08E+02 1.79E+01

Cs-137 2.84E+01 1.03E+02 1.86E+02 2.45E+02 1.41E+01

Fr-221 2.09E-17 1.86E-17 1.40E-16 2.51E-15 2.15E-16
Fr-223 5.29E-15 3.46E-15 1.35E-14 1.37E-13 9.36E-16

1-129 2.60E+01 5.77E+01 2.31E+02 8.65E+02 8.74E+00

Nb-93m 9.23E-04 3.86E-03 6.33E-03 3.88E-01 5.87E-02

Ni-59 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00

Ni-63 2.66E-01, 9.47E-01 3.87E+00 2.50E+02 2.15E+01

Np-237 3.21E+011 3.29E+01 3.10E+02 2.76E+01 6.86E+00

Np-238 1.42E-10 7.52E-10 1.59E-09 9.80E-08 1.78E-09

Np-239 1.26E-08 7.09E-08 1.88E-07 1.33E-05 1.50E-07

Pa-231 5.95E-04 3.52E-04 1.40E-03 1.78E-02 1.33E-04

Pa-233 1.09E-06 1.12E-06 1.05E-05 9.32E-07 2.33E-07

Pa-234 4.34E-08 1.03E-08 5.81E-08 1.22E-06 1.54E-08

Pa-234m 7.86E-10 1.87E-10 1.05E-09 2.22E-08 2.79E-10

Pb-209 8.06E-14, 7.16E-14 5.38E-13 9.66E-12 8.30E-13

Pb-210 5.70E-13 2.48E-13 7.63E-13 2.06E-11 3.09E-13

Pb-211 5.98E-13 3.92E-13 11.53E-12 1.55E-11 1.06E-13
Pb-212 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

Pb-214 5.34E-18 2.49E-18 6.90E-18 2.16E-16 5.66E-18
Pd-107 4.75E+01 1.05E+02 4.30E+02 1.83E+03 1.68E+01

Po-210 9.70E-15 4.23E-15 1.30E-14 3.47E-13 5.11E-15

Po-211 3.94E-19 1.83E-19 1.O1E-18 9.04E-18 5.92E-20
Po-212 0.OOE+00 O.OO0E+ ..OOE+E0 O.OOE+OO0.OOE+00
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Po-213 2.87E-251 2.55E-25 1.92E-241 3.44E-23 2.96E-24
Po-214 5.44E-251 2.54E-25 7.03E-251 2.20E-23 5.76E-25

Po-215 5.01E-j19 3.28E-19 1.28E-181 1.30E-17f 8.88E-20

Po-216 O.OOE+00 O.OOE+00 O.OOE+001 O.OOE+00 0.00E+00

Po-218 6.19E-191 2.89E-19 8.OQE-191 2.50E-17( 6.56E-19

Pu-238 3.23E-021 2.53E-02 4.48E-021 2.78E+001 1.22E-01

Pu-239 7.83E+01 8.84E+01 1.88E+02 1.91E+04) 8.28E+02
Pu-240 4.44E+00 5.33E+00 1.27E+01 1.34E+03 5.64E+01

Pu-241 1.09E-01 9.75E-02 3.52E-01 3.22E+01[ 1.05E+00

Pu-242 7.85E-061 3.72E-05 9.54E-05 6.15E-03[ 1.22E-04

Ra-223 2.89E-10 1.89E-10 7.38E-10 7.47E-09 5.I1E-11
Ra-224 0.00E+0O 0.OOE+0O 0.OOE+00 0.OOE+00 O.OOE+00

Ra-225 9.43E-14 8.38E-14 6.30E-131 1.13E-11 9.72E-13

Ra-226 1.77E-10 8.28E-11 2.29E-10 7.17E-09 1.88E-10

Ra-228 0.00E+00 0.00E+00 0.00E+001 0.OOE+00 0.002+00

Rh-106 4.96E-17 7.78E-15 1.O1E-131 6.52E-12 1.32E-12

Rn-219 1.15E-15 5.33E-16 2.96E-151 2.84E-14 2.51E-16
Rn-220 0.00E+00, 0.00E+00 0.00E+001 0.00E+00 0.00E+00

Rn-222 1.14E-151 5.31E-16 1.47E-151 4.60E-14 1.21E-15

Ru-106 5.71E-111 5.90E-09 1.12E-071 7.75E-06 1.43E-07

Sb-126 2.98E-071 3.65E-07 3.54E-07 4.29E-05 4.09E-06

Sb-126m 2.26E-09 2.77E-09 2.69E-09 3.26E-07 3.11E-08

Se-79 3.76E+00 8.35E+00 3.33E+01 1.18E+02 1.23E+00

Sm-151 7.29E+00 9.06E+00 9.01E+00 9.67E+02 9.05E+01
Sn-126 6.28E+00 7.68E+00 7.45E+00 9.03E+02 8.63E+01

Sr-90 3.04E+01 1.24E+02 2.58E+02 8.99E+03 1.13E+03

Tc-99 1.87E+02 4.15E+02 1.65E+03 5.92E+03 6.13E+01

Th-227 4.75E-10 3.11E-10 1.21E-09 1.23E-08 8.40E-11

Th-228 0.00E+001 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Th-229 1.75E-08 1.55E-08 1.17E-07 2.09E-06 1.80E-07

Th-230 1.27E-06 6.08E-07 1.60E-06 5.13E-05 1.88E-06
Th-231 4.28E-06 1.09E-06 5.80E-06 1.26E-04 1.51E-06

Th-232 5.26E-10 6.36E-10 1.26E-091 1.20E-07 5.48E-09

Th-234 2.33E-05 5.56E-06 3.13E-051 6.59E-04 8.29E-06
TI-207 7.76E-14 5.08E-14 1.98E-13 2.01E-12 1.37E-14

TI-208 0.00E+00, 0.00E+00 0.00E+00 0.OOE+00 0.00E+00

TI-209 2.60E-191 3.45E-19 1.36E-18 2.92E-17 1.42E-18

U-233 2.76E-04 2.33E-04 2.60E-03 1.60E-02 1.56E-03

U-234 2.24E-02 1.14E-02 2.96E-02 1.171+00 4.252-02

U-235 1.051+04 2.661+03 1.42E+04 3.08E+05 3.69E+03

U-236 1.05E-02 1.27E-02, 2.51E-02, 2.40E+00 1.09E-01

U-237 3.69E-09 3.75E-09 1.13E-08 9.39E-07 3.81E-08

U-238 1.61E+06 3.82E+05 2.15E+06 4.53E+07 5.70E+05
Y-90 7.882-01 3.22E+00 6.69E+00 2.33E+02 2.92E+01

Zr-93 4.44E+01 3.79E+02 4.20E+02 5.73E+04 8.12E+03
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RETRIEVAL LEAKAGE

'Ts WLg

LEAK ESTIMATE PER TANK=15140 LITERS

RETRIEVAL BASED LEAKAGE PER TANK GROUPING IN GRAMS

Chemical 1WSS 2WSS 1ESS 2ESS 4ESS
Number of Tanks 12 15 23 6 4

Al(OH)4- 8.08E+05 2.26E+06 6.07E+06 4.49E+07 8.50E+04
AI+3 1.89E+05 1.66E+06 4.26E+06 7.63E+07 8.81E+04
Bi+3 2.19E+05 7.78E+02 5.72E+05 8.26E-12 O.OOE+00
C03-2 1.79E+06 4.64E+05 4.16E+06 6.97E+06 1.67E+05
Ca+2 3.12E-02 9.23E+00 4.57E+05 3.93E+04 2.42E+02

Cd+2 1.64E+03 2.98E+03 5.39E+03 7.95E+04 5.76E+04

Ce+3 2.05E+05 5.41E+04 6.31E+05 9.42E-01 6.92E+03
Cl- 4.89E+04 1.32E+04 7.50E+04 1.19E+00 2.34E+02

Cr+3 1.96E+03 1.32E+05 4.11E+03 5.09E+03 1.34E+02

CrQ4-2 4.85E+02 3.27E+04 1.02E+03 1.26E+03 3.32E+01
F- 3.90E+05 6.99E+04 1.48E+06 5.27E+07 8.44E+02
Fe+3 2.97E+05 1.69E+05 9.03E+05 5.34E+06 7.14E+05
Fe(CN)6-4 6.64E+03 2.33E+03 1.98E+06 6.87E+03 9.20E+00
Hg+ 3.84E+02 7.OOE+02 1.27E+03 1.86E+04 1.35E+02
Mn+4 3.42E+04 2.65E+04 8.31E+04 6.73E+06 8.39E+04
Na+ 3.60E+07 3.61E+07 7.36E+07 2.68E+08 1.69E+07
Ni+2 1.11E+04 6.21E+03 1.01E+06 1.47E+06 2.81E+03
N02- 4.91E+06 1.84E+06 1.51E+07 4.75E+02 8.44E+05
N03- 6.54E+07 8.18E+07 1.25E+08 3.27E+07 2.18E+07
OH- 7.51E+05 3.64E+06 6.96E+06 1.67E+08 6.24E+05
P04-3 4.66E+06 2.50E+05 1.04E+07 2.06E+06 3.05E+03
SiO3- 1.45E+06 1.50E+05 3.34E+06 6.28E+02 6.89E+03
S04-2 1.56E+06 6.72E+05 3.54E+06 1.74E+07 3.76E+05
Sr+2 2.96E+00 2.07E+02 2.86E+05 7.19E+01 2.62E+02
W+4 6.50E+03 1.12E+041 2.04E+04 2.99E+05 2.16E+03
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RETRIEVAL LEAKAGE

SOLUBILITY OF SELECTED TANK GROUP GRAMS/LITER
SOLUBILITY =(MASS CHEM/MASS NITRATE)*360 I1
Chemical 1WSS 2WSS 1ESS 2ESS 14ESS

Number 12 15 23 6 4

AI(OH)4- 4.45E+00 9.96E+00 1.74E+01 4.94E+02 1.40E+00

AI+3 1.04E+00 7.31E+00 1.22E+01 8.40E+02 1.45E+00

Bi+3 1.21E+00 3.422-03 1.64E+00 9.09E-17 0.00E+00

C03-2 9.84E+00 2.04E+00 1.20E+01 7.67E+01 2.75E+00

Ca+2 1.72E-07 4.07E-05 1.31E+00 4.32E-01 3.99E-03

Cd+2 9.02E-03 1.312-02 1.55E-02 8.75E-01 9.522-01

Ce+3 1.13E+00 2.38E-01 1.81E+00 1.04E-05 1.14E-01

Cl- 2.69E-01 5.82E-02 2.15E-01 1.31E-05 3.872-03

Cr+3 1.08E-02 5.80E-01 1.182-02 5.61E-02 2.21E-03

CrO4-2 2.67E-03 1.44E-01 2.92E-03 1.39E-02 5.48E-04

F- 2.15E+00 3.08E-01 4.25E+00 5.80E+02 1.39E-02

Fe+3 1.64E+00 7.44E-01 2.59E+00 5.88E+01 1.18E+01
Fe(CN)6- 3.662-02 1.03E-02 5.69E+00 7.56E-02 1.52E-04
Hg+ 2.11E-03 3.08E-03 3.64E-03 2.052-01 2.23E-03
Mn+4 1.882-01 1.17E-01 2.392-01 7.41E+01 1.38E+00
Na+ I 1.98E+02 1.59E+02 2.11E+02 2.95E+03 2.80E+02
Ni+2 6.10E-02 2.74E-02 2.90E+00 1.62E+01 4.64E-02

N02- 2.70E+01 8.09E+00 4.33E+01 5.23E-03 1.392+01
N03- 3.60E+02 3.60E+02 3.60E+02 3.60E+02 3.60E+02
OH- 4.14E+00 1.60E+01 2.00E+01 1.84E+03 1.032+01
P04-3 2.56E+01 1.10E+00 2.99E+01 2.272+01 5.04E-02

Si03- 7.96E+00 6.622-01 9.58E+00 6.91E-03 1.14E-01

S04-2 8.56E+00 2.96E+00 1.022+01 1.91E+02 6.20E+00
Sr+2 1.632-05 9.10E-04 8.20E-01 7.91E-04 4.33E-03
W+4 3.58E-02 4.93E2-02 5.85E-021 3.29E+00 3.572-02
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DST CHEM

Inventory in remaining tanks +

1% residuals
Chemical metric tons

5EDS 3EDS 3WDS

Ag+ 1.08E+00 6.98E-02 5.80E-02
AI+3 2.32E+01 1.05E+01 1.07E+01
As+5 2.28E-02 2.60E-02 2.01E-01
B+3 7.39E-01 6.64E-02 6.55E-02

Ba+2 2.01E+00 7.02E-01 6.48E-04

Be+2 2.94E-03 2.23E-02 O.OOE+00
Bi+3 5.42E-02 1.04E-02 O.OOE+00

Ca+2 6.98E+00 2.25E+00 1.70E+00
Cd+2 2.71E-01 6.54E-02 2.42E-01

Ce+3 2.21E+00 O.OOE+00 2.64E-01

Cr+3 9.21E+0 7.84E-01 3.32E+00
Cu+2 1.09E-O1 2.07E-03 3.42E-01

Fe+3 7.44E+01 2.55E+00 6.12E+00
Hg+ 1.14E-03 2.80E-04 O.OOE+00
K+ 5.74E+00 2.02E+02 8.17E+00
La+3 1.68E+01 1.35E+00 1.97E-03
Li+ 6.20E-04 O.OOE+00 5.60E-03
Mg+2 9.17E+00 1.17E+00 4.58E-01
Mn+4 1.40E+01 9.93E-01 2.25E+00
Mo+6 1.11E-01 5.55E-01 4.22E-02
Na+ 4.02E+02 1.97E+03 1.19E+02
Ni+2 1.82E+00 6.11E-O1 1.90E-01
Pb+4 1.82E+00 1.16E-01 3.34E-01
SiO3- 1.93E+02 1.30E+01 2.46E+00

U02+2 2.48E+00 2.63E+01 O.OOE+00
V+5 1.35E-03 1.66E-01 1.37E-02
W+4 1.49E-02 O.OOE+00 O.OOE+00
Zn+2 3.67E-01 1.09E+00 1.45E-01
Zr+4 2.97E+00 2.58E+02 1.OOE-01
Al(OH)4-2 8.84E+01 4.19E+02 3.35E+01
C03-2 8.58E+01 8.46E+02 1.85E+01
Cl- 8.91E+00 3.06E+01 4.69E+00
CrO4-2 1.82E+00 9.89E+O 9.62E+00
F- 6.92E+00 3.20E+02 3.52E+00

SELRET3.XLSPage I10/23/95



DST CHEM .7 >

S04-2 2.87E+01 6.79E+O1 5.23E+00

N03- 3.02E+02; 1.30E+03 1.31E+02
N02- 1.05E+02 4.59E+021 2.07E+01
P04-3 2.45E+01 6.60E+O1I 1.76E+01

OH- 5.36E+01 3.93E+021 2.75E+01

TOC 8.51E+61 4.90E+01I 3.06E+00

SELRET3.XLSPage 210/23/95



DST CHEM

Solubility for remaining DSTs
solubility = (mass chem/mass nitrate)*360

solubility in grams/liter
1% residuals lkN cZ. +U - rt
Chemical

5EDS 3EDS 3WDS

Ag+ 1.29E+00 1.93E-02 1.59E-01

AI+3 2.77E+01 2.91E+00 2.94E+01

As+5 2.71E-02 7.19E-03 5.52E-01

B+3 8.81E-01 1.84E-02 1.80E-01

Ba+2 2.40E+00 1.94E-01 1.78E-03

Be+2 3.51E-03 6.19E-03 O.OOE+00

Bi+3 6.46E-02 2.87E-03 O.OOE+00

Ca+2 8.32E+00 6.24E-01 4.67E+00

Cd+2 3.23E-01 1.81E-02 6.65E-01

Ce+3 2.64E+00 O.OE+00 7.25E-01
Cr+3 1.10E+01 2.17E-01 9.12E+00

Cu+2 1.30E-01 5.73E-04 9.40E-01

Fe+3 8.86E+01 7.07E-01 1.68E+01

Hg+ 1.36E-03 7.77E-05 O.OOE+00
K+ 6.85E+00 5.58E+01 2.25E+01
La+3 2.01E+01 3.74E-01 5.41E-03
Li+ 7.39E-04 O.OOE+00 1.54E-02

Mg+2 1.09E+01 3.24E-01 1.26E+00
Mn+4 1.67E+O1 2.75E-01 6.17E+00
Mo+6 1.32E-01 1.54E-01 1.16E-01
Na+ 4.79E+02 5.44E+02 3.27E+02
Ni+2 2.17E+00 1.69E-01 5.21E-01
Pb+4 2.16E+00 3.21E-02 9.18E-01
SiQ3- 2.30E+02 3.61E+00 6.75E+00
U02+2 2.95E+00 7.28E+00 O.OOE+00
V+5 1.60E-03 4.60E-02 3.76E-02
W+4 1.77E-02 O.OOE+00 O.OOE+00
Zn+2 4.37E-01 3.01E-01 3.99E-01
Zr+4 3.54E+00 7.14E+01 2.75E-01
AI(OH)4-2 1.05E+02 1. 16E+02 9.20E+01
C03-2 1.02E+02 2.34E+02 5.09E+01
Cl- 1.06E+01 8.47E+00 1.29E+01
CrO4-2 2.17E+00 2.74E+00 2.64E+O1

F- 8.25E+00 8.86E+01 9.68E+OO

SELRET3.XLSPage I10/23/95



tais DSr.2.
DST CHEM

P?. .

S04-2 3.43E+01 1.88E+01 1.44E+01

N03- 3.59E+02 3.59E+02. 3.59E+02
N02- 1.25E+021 1.27E+02f 5.70E+01

P04-3 2.92E+O1I 1.83E+O1l 4.84E+01

OH- 6.39E+O1I 1.09E+02 7.55E+01
TOC 1.01E+021 1.36E+01 8.42E+00

SELRET3.XLS10/23/95 Page 2



JA&Q~D~F>

SELECTIVE RETRIEVAL INVENTORY IN GRAMS (tanks selected for retrieval)

DECAYED TO 12/31/95

Radionuclides 3WDS 3EDS 5EDS TOTAL

Na, kgs

14C O.OOE+00 5.23E+02 3.37E-01 5.23E+02

90Sr 2.56E+02 7.01E+04 2.78E+01 7.04E+04

90Y 6.92E+00 1.89E+03 7.51E-01 1.90E+03

99Tc 2.17E+05 9.OOE+05 3.63E+04 1.15E+06

137Cs 4.17E+04 2.43E+05 2.21E+04 3.07E+05
137Ba 6.37E-03 3.72E-02 3.37E-03 4.70E-02

154Eu O.OOE+00 2.78E+02 O.OOE+00 2.78E+02

237Np O.OOE+00 6.40E+04 O.OOE+00 6.40E+04

238Pu O.OOE+00 9.98E+00 O.OOE+00 9.98E+00
239Pu 9.44E+02 3.67E+04 8.79E+02 3.86E+04

240Pu 6.44E+01 2.66E+03 5.99E+01 2.79E+03
241Pu 3.12E-01 1.12E+02 2.90E-01 1.12E+02
241Am 1.49E+02 1.46E+04 4.O1E+O1 1.48E+04

SELRET3.XLS
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SELECTIVE RETRIEVAL INVENTORY RECOVERED

DECAYED TO 12/31/95 (IN GRAMS)

Radionuclides 3WDS 3EDS 5EDS TOTAL

Na, kgs E

14C O.OOE+00 5.17E+02 3.34E-01 5.18E+02

90Sr 2.53E+02 6.94E+04 2.75E+01 6.97E+04

90Y 6.85E+00 1.88E+03 7.4E-01 1.88E+03

99Tc 2.14E+05 8.91E+05 3.60E+04 1.14E+06

137Cs 4.13E+04 2.41E+05 2.18E+04 3.04E+05

137Ba 6.31E-03 3.68E-02 3.34E-03 4.65E-02

154Eu O.OOE+00 2.75E+02 O.OOE+00 2.75E+02

237Np O.OOE+00 6.33E+04 O.OQE+00 6.33E+04

238Pu O.OOE+00 9.88E+00 0.00E+00 9.88E+00

239Pu 9.35E+02 3.64E+04 8.70E+02 3.82E+04

24OPu 6.37E+01 2.63E+03 5.93E+01 2.76E+03

241PU 3.09E-01 1.11E+02 2.88E-01 1.11E+02

241Am 1.48E+02 1.45E+04 3.97E+01 1.47E+04

SELRET3.XLS10/23/95 Page I



D5Tt cK

SELECTIVE RETRIEVAL RESIDUAL IN GRAMS

DECAYED TO 12/31/95

Radionuclides 3WDS 3EDS 5EDS TOTAL

Na, kgs

14C 0.OOE+00 5.23E+00 3.37E-03 5.23E+00

90Sr 2.56E+00 7.01E+02 2.78E-01 7.04E+02

90Y 6.92E-02 1.89E+01 7.51E-03 1.90E+01

99Tc 2.17E+03 9.OOE+03 3.63E+02 1.15E+04

137Cs 4.17E+02 2.43E+03 2.21E+02 3.07E+03

137Ba 6.37E-05 3.72E-04 3.37E-05 4.70E-04
154Eu O.OOE+00 2.78E+00 O.OOE+00 2.78E+00

237Np 0.OOE+00 6.40E+02 O.OOE+00 6.40E+02

238PU 0.OOE+00 9.98E-02 0.OOE+00 9.98E-02

239PU 9.44E+00 3.67E+02 8.79E+00 3.86E+02

240PU 6.44E-01 2.66E+01 5.99E-01 2.79E+01
241Pu 3.12E-03 1.12E+00 2.90E-03 1.12E+00

241Am 1.49E+00 1.46E+02 4.01E-01 1.48E+02
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Y#ue
Co

DST Inventory for Tanks not recovered + 1% residuals

DECAYED TO 12/31/95

Radionuclides 3WDS 3EDS 5EDS

Grams

14C 1.81E-01 5.23E+00 8.42E-01

90Sr 2.31E+02 1.74E+04 5.24E+02

90Y 6.25E+00 4.69E+02 1.42E+01

99Tc 2.17E+03 4.36E+04 5.87E+04
137Cs 5.26E+03 3.62E+04 2.76E+04
137Ba 1.18E-03 7.76E-03 4.61E-03
154Eu 2.24E+00 9.99E+01 2.73E+00

237Np 5.38E+02 6.57E+02 2.01E+02

238Pu 6.34E+01 3.91E-01 1.17E+01
239Pu 3.36E+04 4.34E+04 1.99E+04

240Pu 3.30E+03 2.97E+03 1.53E+03
241Pu 2.18E+02 1.59E+01 1.21E+02
241Am 3.33E+03 2.77E+03 1.06E+02

SELRET3.XLSPage I10/23/95



Solubility for DST wastes left + 1% residuals

DECAYED TO 12/31/95
solubility= (mass radionuclide/mass nitrate)*360 g/
Grams/liter 1WDS 3EDS 5EDS

SOLUBILITY GRAMS/LITER
14C 5.OOE-07 1.45E-06 1.OOE-06
90Sr 6.37E-04 4.81E-03 6.25E-04
90Y 1.72E-05 1.30E-04 1.69E-05

99Tc 5.99E-03 1.21E-02 7.OOE-02
137Cs 1.45E-02 1.OOE-02 3.29E-02
137Ba 3.25E-09 2.15E-09 5.50E-09
154Eu 6.18E-06 2.77E-05 3.25E-06

237Np 1.48E-03 1.82E-04 2.40E-04

238Pu 1.75E-04 1.08E-07 1.40E-05

239Pu 9.28E-02 1.20E-02 2.37E-02
240Pu 9.11E-03 8.22E-04 1.82E-03
241Pu 6.OOE-04 4.39E-06 1.45E-04
241Am 9.19E-031 7.67E-04, 1.27E-04

SELRET3.XLS

Ds;) 7

Page 110/23/95



TWRS EIS
CALCULATION COVER SHEET

- 5 G=vcaorryDISCIPLINE & TITLE

w1W ST Yran owffl 'lc~Tf..mlEM 114k Ct &~(

ORiGNATOR PA\' DATE

REVISION NO.

oBJECVE '\)G TiE~ wr SC--O S~TR.LTh-r\

L i :Gu-c-aJ~T eit -k WocDC CTh\

0 'e- Cr-Af Pi Tv (v1-icua (s

METHODOLOGY Affi-ev /%\-I9v. fi 77tmr /i1Z (iArc J

A-N 0 &=L-AfT OT7- EIZ

A- ~\~L-r N'h-YVE CQ

ASSUMPTIONS A/e I'T' 0 F clln

N AhtTYL .I- tGA-t-fWWG AwD -k &. /A-WT-P

ixse 0 rT 6rn- s -

(Continue on another sheet if necess

SIGNATURE

CALCULATION & RESULTS ATTACHED

JACOESlFORMSIC4LCVMSZT



JACOBS ENGINEERING GROUP INC

DATE SUBJECT

BY J. CHKD,

SHEET NO.

JOB NO. ) ((' ()

/ C A 74-n4 P Et rs

r C)

tThc-v wLeaMr f l& 30 4-/p.

ea cht atC-+ ue. arr t~~ VYX4$e sthi o

vCcj c4 e- streaa- ts 4-' ttee
,COCQs to 'G cje. V--et.

r<-O ctaC- w~ctzle.a

r bc~( + C -c o-t-A.

.2F, - -
C-

c C-'Z'-' - H
ci -y CA Y*cr?~ c

'v Ocv-v & g~ -T C1-'l..
O u-+, J Ktja rLot~ auccc c -s U0 r s 4-ccl qs -/0c4

b c T Tav ceo-Get) t

{-\ t-Y&rv\ Hr-e.4s vJ
('§&-toas GTo ' /Yo + f

FORM''f'T hc/ t /1-00&1 .C)

Q re ca ov,-4 ost )c y SC-'--s
FORAM 91.005.1 (4181)



JACOBS ENGINEERING GROUP INC

DATE SUBJECT

BY QLsCHKD.

SHEET NO.

JOB NO. C) L(27

r Q %O'-MT.
c (-s

3- o-'t

- oc x Tht [~u

occ
en-ck -t-t c3Q~ tAt

Qy 0 -'rva rik 0 CA_ b 4 -- .
T-kc s c- u-4c- % o v S; vlwU

o-y. e{ -r0s 0-

LiA-A-A r e- - 6sI f '

~\-- - / e

-O o-4J. 9'&1

FORM 91-0051 (4/81)

r &" A- .- r
2\- eL '-o- S-tu

Cvo ( c7 L6'f\ a

w. vv---t G-t N <\ 6-tv

~~Ce- .0 U4,-) ,A I .
C-- ~ zoL-b& h u--- I U a-1 o

ttn- oMsV# am

a_ E7



JACOBS ENGINEERING GROUP INC

DATE SUBJECT

By 9 ( CHKU. ____

SHEET NO.

JOB NO. 0K44 7

\\ -_ cn rcJLst
C)-roY &Cl ~

c - o i- c..) A
to \

&s t-e

ap
t A,ck-^ L-

_ 'aCt K- ~

%\wT T o e 'd

1N~~-6 fL~T -v-v-tQ t- t

®\\ /C( d cdc -

It s-F la al

o 4 1r% LKm O9 b
vrecn Jwt to-UC

srn.s- oSEJ of Tu-L
c u A C c A J-l

. WLv ~TW-a GrA s t f
-ojAso

12 v U.-AL

cvi Ck

93.
I/

)K,-t- u

wt M Tf

csf,

,-

-o na ct

cL.OV\s 0

7p ( t -
FORM 91.005-1 (4)81)



JACOBS ENGINEERING GROUP INC

DATE SUBJECT SHEET NO.

BY CHKD. JOB NO.

C ~~o (o<>-tv (e2 c rc

m4 & .. 0

&-rn urto- 4- -It_ Ut hftAT~~N o A-

oJCJL Scrm-- ra

c~- ov& 56% bichato\u . ~to

toooWsAQ-rflI

wY- tv,/ ;.c-- /M2A -rt f-a/ l

~ t~- v o d----x Ks ti-c

~4 I

-~ cc W-vbt:c ,-v baK'

C o L.Lr.

\Aj t--\u-Cm I ' .-

$ 6 3 W r 4 ./ -

v2RM-in -- te vv-t1-t4 t4-1

Vt tx-t

bo v t \Lrk. +e,

FORSM4 9100. Sj4181I4-)



JACOBS ENGINEERING GROUP INC

DATE (l SUBJECT SHEET NO. -5-, r

~i

\ .4 -&- I
-\,o

\ou <tts -(

rucc Cdrean ( - CS O r osflO)

-v- Tc- ~
(Vt:

-T00

ck u k

Sr A-7

-r a + L -P-cR -o,/ i

1-? -f-R Tmm-I
-fdiG

L-oE -cn. mO'

,09 e t-oo N-T

TI' E o-01

o E E-ot
n E- - '-L/

6 ,9' E -oY
2.t E -o'/
'.f E -03

(wc
r\ACr'

lC
mc,

4mc,
/hc

MC.

FORM 91-005-1 (4181)

c'
ZLA

@

a (uz

BY AL CHKD. JOB NO.
rT~JA~d4-c- k haw-v.00-~A

-r~L,-- c- C k - cc

~~- --- ~

-_ 0

lf-\ \1-1 s



JACOBS ENGINEERING GROUP INC

DATE -1 SUBJECT

BY 22.L CHKD.

F e, ' 4c&k ,

Rt 0GOtro te :HeAtyv-et r Qso-ir-e OLS

\0 I Do -- s-. T

vl; jSp- + A
VL)jooo7tTh

SHEET NO.

JOB NO.

to o S k-- a

--- L/O/'JJF&CS

£I(. a&Li--)
yt-CvdA.Y- n e(>A

, f, - , c e t 2

rucgct E -,-e-t c acL-f S
Ca -T4t -t

\ , e ss wsrvs

SC T b tw -1
Y- v4t /r/ouaselq, r:, rt/

s Ct re / c- Pt rbyjC

\ . 1 to ra-i-vou t \-v-
-430 Zi o 0 - -

Cf1-~r ts

Qx sex v- v -a c- Y{-r'Sc. .

FORM 9105-1 (4/81)



F[ JACOBS ENGINEERING GROUP INC
DATE SUBJECT

BY V L CPH. L-

(MT )

( ry\-T)

&Tc.O (/mC3
A \u.-t

-(So0 Qt C4

\ - 2 Y3

(A -2N0

To - -.- i
-i-a weuT(L/

TotM e\Q R b:

m- ta m CCs6 (ds

'orbf JGV 4 C-daS

-(1 y
cl~ 0 -.. -p - -s I ry Q\-T)'

tA&KvbwtA <+

rv~o6&L4 pdot4--
4" p - ;

/0C)

3.50 EtO$

3

/0O /I

3,50o3

50 E +os 3, -o E +f Iz 37o E+03
3.(1Et o3
3.51E toS

'3
3

~~7

,go p -0 -
.?'0 E - -

. 01 E -oj

3.),gr E -o/
kuo1E -oJ

691 E -OS

aie -as

2, 111= -ci
1. rr & tot

2.Ia E-too

.3 LotG 03

3 .a -oL
,26 C -0 z

-3

I, ?i-o jjit -o-..

2.13E -0I 5-

:5e,

.0I7 -o-

FORM 910051 (4/81)

Tot \) V 6 mryL)

ET NO.

JOB NO.

t. jt A-s

tod-h fv\CC

4C 9 E
.SL G t b3-

3,2r -o 2-.

3 ,2./, a -o 7--

2L. - too

ee,1"

B) "t

+io (6)
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WHC-SD-WM-EV-103 Rev. o

streas:tttc4;6 627 t 6 . w 9 630 631 632 633 634
LiudCompoocais. -

Volu:. Kilo-Litcn 2.32E+0 1.16E-03 3.OE+0 1.34E 2.19E-10 12.32E0

Speiiic Gravity l.00E+0 1.OE-00 I.OOE+O 1.00E 00 1 1.00E_ _

Cs and Ba. (NICi)

Sr and Y. (MCi-

T4.(MCfi 8.43E-04 3.20E-02 1.69E-03

Am. MC)
Np.C. (MCi)

iu-24. (MC)

I,1-241. jMCi)
Total TRU. (MCi-

Total MCi 9.43E-04 3.20E-02 1.69E-03

Total Mass Flow. (N(T) 2.32E+0! 1.16E+03 3.50E+0. 1.84E+04 2.19E-10 2.32E+0

Total Cr. mT)
otal Na. tNm

Total Si. (MT)
otal P. (NMT)

'ro.l O2I.. (mNIT)
Toal 103-. (M)

AL(OH)4-

AM+3

AS-

131.-3I

C14

CA-r

CD-2

CE-3

- __________ I

I

CL.

C2 3.15E+ 53.15E +

Co 2.12E+0 2. ME +0

CO- 1.72-E+0 1.72E+0
C03-2
CR10141-

CS---

2 I.15E+0i 1.18E+00
FE -3

Hz
1420 2.04E5 1.16E+03 3.50E+0. - .34E-O- 2.19E-10 2.04E.

H1I I 2.24E+s- , 0II - I --

A-38

v
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WHC-SD-WM-EV-103 Rev. 0

62& 62.~ & ZZd91 630 63 3 33' :134

Cs and Ba. (MCi) 5.44E.05 2.67E.03 7.01E-01 3.69-02.-

Sr and . (MC) 8.59E.05 4.21E-03 1.11E+O( 5.83E-02 4.30E-08 8.5

-MCi) Z.555.0 1.25E.06 3.23E04 1.73E-05 1.27E 11 5

Am. (M) 8.3E01 4.07E-06 1.07E-03 5.63E.05 4.15E-11 83

Np. (MCI) 8.26-11 4.05E-09 i.06&06 5.60508 4.13B14 

Pu239. (MCI) 2.11E-0 1.032-06 2.722-04 1.43E-05 1.06E.I 2

Pu-.20. (MC) . 5.36E-09 2.63E-07 6.91&05 3.64E-06 2.69E.12 5.3

,.-241.(NO) I7.69E-04 4.05E.05

Total TRU. (MCI) L.10207 5.37E-06 2.182-03 1.15-04 5.48E-11

Total MCI 1.41E.04 6.88&-03 1.31E+O 9.53E-02 7.02-08

Tol Mass Flow. (MT) 2.86E01 1.40E+01 3.69E+0 1.94E+(r 1.43E-04

Total Cr. (M) 1.47E.04 7.21-03 1.90E+- 9.97E-02 7.35-08 1.47E

rotal Na. (MTI) 5.3102 2.60E+00 6.84E+ 3.60E+01 2.66&-05 5

Total Si.(MT) 7.7003 3.77E+90 9.91E+ 5.2E+01 3.85E-05 469e
Total P. (TN) 1.30E.03 6.37E2-02 1.67E+0 3.S12.01 6.50E-07

Total N02.. (MT)

Total 403.. (NIT)

AG+

A020 1.47E-06 7.18-05 1.895.02 9.942.04 7.33510 1

AL+3

AL2O3 1.43E-02 7.01 E-0 1.84E+ 9.70E+ 7. 16-06 143

AM+3

AN03 2.66E-08 .30E-06 3.43E-04 1.802-05 1.33E11 2.6
AS+5

V.-

-05

~.lz - -

.49-

-07 ,..

~02-

43-.

"-I,'.

p06

43-

~ut
AS3OJ 1.56E-06 7.63E-05 2.01E-02 1.06E.03 7.79-10

B+3

[203 3.90E-06 1.91-04 5.03E-02 2.65-03 1.95E-09 3

OA+2

BAO 3. 475.06 1.70E-04 4.47E-02 2.35E-03 1.74E-09
I

BE+2
1EO 1.99E-07 9.75E-06 2.56&-03 1.35-04 9.95E-lI I .99E43

1+43 --

11203 2.35E04 1.15E-02 3.03E-OC 1.60E-01 1.18-07 2.35244
C14-

CA,-:

CANCRINI

CAO 2.86.02 1.40E+00 3.69E+G^ 1.94E01 1.43E-05 2.86
CD+2

CDO 9.16E-06 4.49E-04 1.28E-01 6.21E-03 4.58-09 9.16&PW

CE+3

CE203 2.23&04 1.09E42 2.870E+( 1.51E-01 1. 12E-07 2.2jE.04F

CL-.

C03-2

CR+3
CR203 2.15E-041 1.05F-02 2.77E-Ot 1.46E-01 . .OSE-07 2.15E

cs-

.-40

iii
If'
III

"Ii
* 1-I

*qiL
It

1JJ,
'It
1.~'if Ii
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:C ,

62c62 h2&t 62 630 at V1 t6310 1 33 634 I 65

7.73E-07 3.79E-05 9.95E-03 5.24E-04w 3.24E-10 7.72E-07

.25E-071 453E-0 1.19E-02 6.27E-04 4.63E-101 9.25E-07

'03 9.87E-04 4.84E-02 1.27E+01 6.69E-01 4.94E-07 9.87E-04

0 6.94E-03 2.64E-01 1.39E-02

:-03 .99E-05 9.77-04 2.57E-01 1.35E-02 9.97E-09 3.99E.05

-5.23208 2.5E-06 6.74E-04 3.55E-05 2.62E-1I 5.23E-08

0 1.59E-05 7.79E-04 2.05E-0 1.08E-02 7.95E-09 1.59E-05

102 1.85E-04 9.05E-03 2.38E+O 1.25E-01 9.24E-08 1.35E-04

>03 6.81E-06 3.34E-04 8.78E-02 4.62E-03 3.41E-09 6.1E-06

$AO 7.16E-02 3.51E+00 9.22E+2 4.85E+01 3.58E-05 7.15E-02

1+3 1______

r25CN6

Nu03 4.07E-03 1.55E-01 8.14E-03
NIO 1.82E-04 8.90E.03 2.34E+* 1.23E-01 9.08E-48 1.E-04

1403-

4PO 1.33E-07 6.52E-06 1.71E-03 9.02E-05 6.65E-I1 1.33E-07

H-

nos 2.98E-03 1.46E-01 3.83E+01 2.02E+O 1.49E-06 2.97E-03

P205:24W

P302 4.85E-06 2.37E-04 6.24E-02 3.21E-03 2.42E-09 4.84E-06

PO43

PU+4

P110 4.13E-07 2.02E-05 5.33E-03 2.80E-04 2.06E-10 4.13E-07

S102 1.65E-01 8.07E+00 2.12E+03 1.12E2- 8.23E-05 1.65E-01
0O4.2

qR-4-2

SRO 3.47E-05 1.70E4)3 447E-01 2.35E-02 1.74E-08 3.47E-05

C207 2.35E- -.1E- 3.03E-02 1.60E-03 3.38E-09 2.35E-06

CA4-41

A-41 1
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wHC-SD-vWM-EV-103 Rev. 0

oc- 
L

( 1 C 
7 .. 6 -i7E.4 E-3

v-5 3.79E.o7 1..5EE-57
v - 357471.5E054.60E-03 Z.41'0 I.77E.10 3.53E.07

V:03 3.53E-07 1.73E-05 4.E03 2.40EZ4 3.77E.10 7.54E.0o

Wvol 7.55E-07 3.70E-03 5rE S.1E0

W03 ~5.82E-0 3.07E-03 -E0 .2
ZI+- 4-S2E-M6 2.22E-4

Z.N4 0 .83E-07 5.66E.u
ZR 4 -. 6E4 .E. 7.30E+ 3.84E.01

ZRO3w

ZRO2:7.
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WHC-SD-WM-EV-103 Rev. 0

smmNm 409, 4M0 41 412 413, 1414 41 I1 & 417
Solid Compo=s& -

C. .d S,. (MCi) 7.01E-01 6.94E,01 6.94E-01 6.94E-01 6.7E+0 6.94E

Sr and Y. (MCi) LIE+O I.l0E-02 1.10E-Ir h.IOE- 1 09E.0 I lo.

c. iMCi 3.28E-04 3.25E-02 3.25E.02 3.25E-02 3.22E-02 3.5

Am. (MCI) 1.07E-031 106E-01 1.06E-01 1.06E-0 L.5E-01 1.06

Np. IMCi) 1.06E.06 1.052.04 05E-04 I.05E-04 1.04E.04 1.05E

Pu-f39. (MCi) 2.72E-04 2.69E-02 2.69E-02 2.69E-02 569g.2.6E j2.69

Pu-240. (MCI) 6.9E-035 6.84E-03 6.84E.03 6.84E-03 6.77E-031 6.94E.

Pu-24t. (MCi) 7.72E-04 7.64E.02 7.64E-02 7.64E-02 7.57E02F 74

Toml TRU. (MCi) 2.18E-03 2.16E-01 2.16E-01 2.16E-01 2.14E-.1 2.l 1

Tol MCi 1.81E+ 1.79E+02 1.79E+2 1.79E+ 1.77E+0 1.79E,

-ou ina Flow. (M) 3.69E+0 3.65E+05 3.65E+0 3.65E+0 3.61E+0 3.65E+

T r M)1.90E+0 L88E+(r- 1.88E+0 1.88E+0 1.86E+01 188E+

ocal N.. CMT) 6.84E+ 6.77E+04 6.77E- 6.77E+ 6.70E+a 6.77E

otal Si. (MT) 9.91E+ 9.8E+04 9.81E+ 9.81E+ 9.72E+0 . 9.81E+

Total P. (MT) 1.67E+OiI 1.66E+03 1.662+0 1.66E+03f 1.64E+O

I

1.66E+

Toal NO2-. (MT)

Toai No3-. (mT)

AG +

AG20 1.89E-02 1.87E+00 1.87E+C 1.87E+C 1.85E+. I.87E.03

AL-3

AL'OJ 1.84E+O- 1.83E+04 1.83E+04 1.83E+04 1.81E+0 1.83E+02

AM+3

AM203 3.43E.04 3.39E-0 3.39E.02 3.39E-02 3.36E.02 3.39E-04

AS+5I

AS20S 2.01E02 1.99E+00 1.99E+OC 1.99E+G 1.97E+ 1.99E2t
11+3

13203 5.03E.02 4.98E+00 4.98E+L 4.98E+OC 4.93E+OC 4.98E-20

ZIA+2

BAD 4.47E-02 4.43E+00 4.43E+0 4.43E+GC 4.38E+0 4.43E-0M

13E+2

BEO 2.56E-03 2.54E-01 2.54.01 2.54E.01 2.51E.01 2.54E.03

B1+3
B203 3.03E+0 3.00E+02 3.00E+M 3.00E+ 2.97E+0 3.00E+00

CR4

CA+2

CANCRINI

CAO 3.69E+O 3.65E+04 3.65E+0 3.65E+04 3.61E+O 3.65E+U

CD+2

COO RIE-01 1.17E-01 1.17r+ol 1.17E+01 1.16E+0 1.17E-0

CE-3

CLU203 2.87E+0 2.34.,02 2.$41+0 2. 8 4E-t 2.8E+T 2.34E+00

(:I..

C03-2

CR-3

CR20.1 I 2.77E+OC 2.74E+112 2.74E+0 2.74E-0 2.71E+04 :.74E+00

CS -

I A-10

I-

mm

03

-06

04

03

02

01



WHC-SD-WM-EV-103 Rev. 0 -

4 -c

t

4*39 41 411 412 ~4U <49 4IS ~41& ~47 *1

9.96E-03 9.86E-01 9.86E.01 9.86E-01 9.76E-01 9.86E-03

1.19E.02 1 l.E+00 1.18E+ I .18E+O 1.17E+. 1 .!E-02

+3i
1.27E+01 1.26E+03 1.26E+03 1.26E+03 1.25E+0 1.26E+01

0 2.64E-01 2.61E+01 2.61E+01 2.61E+01 2.59E+0 2.61E-01

%203 2.57E-01 2.54E+01 2.54E+01 2.54E+0: 2.52E+0 2.542-01

ao 6.74E-04 6.67E-02 6.67E-02 6.67E-02 6.60E-02 6.67E-04

2.05E-01 2.03E+01 2.03E+01 2.03E+01 2.01E+0q 2.03E-01

NO! 2.38E+0 2.36E+02 2.36E+(r 2.36E+Cr 2.33E+0. 2.36E+00

+6

3 8.78E-02 8.69E+00 8.69E+0 8.69E+OC 8.60E+D( 8.69E-02

CO. 9.22E+ 9.13E+04 9.13E+04 9.13E+04 9.04E+01 9.13E+02

1+3

FECN6
03 1.55E.01 1.53E+01 1.53E+01 1.53E+01 1.52E+0 1.3E-01

to 2.34E+ 2.32E+02 2.32E+0 2.32E+0' 2.29E+ 2.32E+00
01.

03.

P+4

1,2 1.71E-03 1.70E.01 1.70E-01 1.70E-01 .68E-01 1.70E-03
IH

05 3.83E+01 3.79E+(). 3.79E+03 3.79E+03 3.76E+03 3.79E+01'
205:24w

1102 6.24E-02 6.I8E+00 6.18E+U( 6.1SE+0C 6.12E+O( 6.18E-02

P0-A

5.33E-03 5.27E-01 5.27E.01 5.27E-01 5.22E-01 5.27E-03

0 2.12E+03 2.0E+05 2.10E+05 2.10E+05 2.08E+0 2.20E+03
'04.' 1__ f_ _

to 14.47E-01 4.43E.01 4.43E+01 4.43E+01 4.38E+01 4.43E.01
3.03E02 3.00E+00 3.00E+0 3.00E+ 2.97E+ 3.00-02

TCD-7--3OE

C04. .Azz== 4
A-1I

]

F

-L-



WHC-SD-WM-EV-103

.. reamN~c4O9~ 420 -41 : 41 . 423 .414s 415 416. . 17
soLid Compooi_____ _______________ ____

Oc

3O3 1.92E+0 1.80E.03 .8OE-03 1.80E-03 1.78E+0 1.90E
V+51

24.60E03 4.56E-0 I4.56E0 4.1 4.51E-01 4.5

S+4.55E03 4.51E-01 4.51E-01 4.51E-01 4.46E.01 4. 1

W03r9.7-E-03 9.62E-01 9.62E-01 9.6-E.01 9.53E-01

ZN+2
5.NE-0 5.77E+00 5.77E+OC 5.77E+0( 5.71E+09 5

I t M7.30E+0 7.22B+02 7.2=E+(r 7.=2E+O 7.5E+0- 7.22E

ZR-22

T'1

A-12

Rev. 0 1

-V.

~43

*00



.. ..... FIRMn

SN AS BALANCE I FIUOR HASS EALANCE I S I UNITS
STREAM 11I1 To SOLID TOTAL OFVETALL I TOTAL x Y.I TOTAL TOAL SOLCid. ACTUAL TAL TOTAL TOTALNO. UHSE IPHASE IIE IIPHASE A XATO VATER IDISSOLVED SUSPENDED STRTEAL F Ot SP. GR. STEM LNAR STREAK

-KT H FIT 040 SOLIDS SOLIDS lb/h CIIIC (CALL.) __PM Eg hr L. MIiun
SHADED NI-IIERS IN 10th IIALICS AE BACK CALCULATED S? FLUOR AND HAT NOT AGREE WIN UVC MASS BALANCE

651 a I INCLUDED IN " MATERIAL IALANCE FOR GAS STREAMS "
652 3 INCLUDED IN " MATERIAL BALANCE FOR GAS STREAMS -
653 3 INCLUDED IN - MATERIAL BALANCE FOR GAS SREAMS
654 I INCLUDED IN " MATEIAL EALANCE FOR GAS STREAMS "

656 IT/A
65? _ INCLUDED IN " MATERIAL SALANCE FOR GAS STREAMS "

670 N/ A N / A
671 N/ A N/A
672 I/ A - -/ A
61 /A N /A
674 / A IF/A ' -

675 N / A IF ULA -
676 I h A N / A ''
677 N/A N /A
678 WT678 N /A IF/ A

679 N /A I / A
680 M/A I I. A I I

651 N /A A / A

683 / A I I A
682 N / A - / I A
68T N/ A - / A
686 N INCLUDED IN * MATERIAL BALANCE FOR GAS NEA- _
690 4.22E+01 4.Z2E+OI 1 4.992E-02 100.0 0.0 100.0 Z 1.00 1.96 0.00 1 0.01
692 3.82E+D5 3.BOE+03 3.96E+05 .. 4.992E-z 3.E+.D 0.0 1.0 1.0 . E+5 10 .00 8.$0 836 146
700 1 INCLUDED IN " MATERIAL BALANCE FOR GAS SiTEAMS -
701 2.19E-10 2.19E-1g . 4.99E-0 1. 19E- 0 0.0 0. E- . . 2.2E.4 I .E- .3E- A
702 1 INCLUDED IN " MATERIAL iALANCE FOR GAS STREAMS -
703 N / A A
704 INCLUDED IN MATERIAL BALANCE FOR GAS SIEAMS
705 2.19E-10 2.19E-10 . 4.992E-02 I 2.19E-l0 0.0 0.0 0.0 1 .E- I 1.00 1 .00 .I .ME-14 1 . E-12I . E-14
76 - INCLUDED IN q MATERIAL BALANCE FOR GAS STREANS
707 N/ A IF / A
708 N/ A -r/ A800 9.48E05 !9.4-E+5 . 4.992E-02 7.53E-05 20.5 0.0 2r.T ZfliT 1.00 . 14.5 2)4$8 $.5
801 N/ A N/ A
802 9.E+05 9.48E+05 4.992E-02 7.53E-05 20.5 0.0 20.1 11473 1.00 2.00 94.56 21458 35j.9i
803 N/ IA IF___ /_ _ NA

80 O$ 9.UBEO - 4.992E-O0 +.3E 2.00 20.5 -M Tu - T-r 1i. 4- -a r.9i
906 1.97E01 D .99E-D SIL .992E r0 Z .97E0. 0.0 1.0 2.0 9.9E-3 1.00 -1.01 2.OE-OS 4. E-0 7.SE-O

=91-03 - l- E. -. -+.4 01

Smo

n



VAPOR PRESSURES OF PURE SUBST ANCES 151

Table 7. Vapor pressures of Inorganzic Comopounods, up to I Atmo.--(Continued)

660
9 W4

3 97.
2 192.4

IG40
2050

.6 -77.7
.4 -74.0
.0
.3

,7 3
.3

1 630.5
0 %.6

' 73.4
. 2.8

.0 167
i 656
.6-189.2
S814

3.4 -- 18
5 3 -5.9
2.8 - 79.8

7.1 -12.3
3 650
0.0: 123
4 :490
7 '405
7 488
0 271
1 2181 230
4.3 -104.24 O -137.0
0.6 -58.2

99.6E5 -169
.1 -47.0

6.1 -119.9
-1.7 -45
2.7 -107

)Q.7 -126,8
A .2 -7.3
10.4 -61:4
Is 320.9
,7 568

> 3851

27
7g. -57.5
46.5 .- 110.8

i.3 -205.0
19 9-

... +0.4
89.5 90.1

no 28.5
00 636
W0 646
51 653

to 
621

oo. -145
335 83

- .2 116
11.1 -59
78.8 -91
51.0 -80
S2 1615
51.0
17.1
.- 735
80.0 -11
-A 0 75.5

; 1083
55 504at422

36605
21.A -34.4
61.5
13.1 --6.5
72 6

- - Componnt
Narm, FormuLa

Defte, d breid -... Ge

chloride ......... Gaa,.
hydride ......... ... GeI4

Trichloroemn e~:
Tetrecre ylteran Ge(...: ... C )4
Dir .m n ...........
Gol.... .. ... .. .i An
Helim ... .. ... . . i

= ydr g rid .ll .... .... M
,b= b.md ......... H~l
cy-ride. .... ... HCN
farride .... .. .. .. . .. W
iodide .. ..... .. - II
oxlide (" W ..... ... e
wd ... ........... HSSH
celeadde .... ... ... . .. . I
tallaride ........... : TW e

S Indi. ...... .... .. . 1,
bepta curide.......... IF7

Iro .e ..... .. . .. .. . .A
penturcobony ........ F6(00).

Fern, chloride.. ........ Fe.Cla
Ferrauschloride.. ......... Ch

M tn .. . .. ... r

roaide......... PbB".
chloride .... .... PbCI2
fiucrde .......... PbFi
iodidle ..... ... Phi.
oxide .... ... .. .
scufide, .... .. . .. .. .. S

- .thiun ...... .. ... ... A
bromide ............ ABr
chloride ..... .... . . .ICl
fla ride ............. IF

M=,.d...m Mg
Ma.gPnese n

chloride.... .........M.Ch
Memory ..... ... ... -H
Mereun lamaid ........ Hgri

chloride ....... . .. ~oi~de .... .. . :
Molybden ........m . Me

bezefluaride .......... M P
raid ......... ::: Moo.

N ......... NoNia .. ... .. : ::. .. . . Ni

chloride .......... NI~ 6
Nitric oxide,... ...... NO
Nitrogeadioxide......... NO:
Nitrogen pretaxde .... .. N-0.

Ninor , W inde ... ..... N C

ondaurntetroude (yeHw) .... 0.04
(wbite)... ...... OsO.

Plane. .. ..... ... COCI
Phrapborcx(yellow) ...... P

(11.1.t) r. .... ... ...P
tr mid ....... .. PBr.
trichloride ........ _ PC6
pienwhcboride ......... G

Phompbin .......... lf
Phrophondum bromide. PHaB,

chloid ........... PHXCI
iodide .. .. .. .. . .. PHd

Phosph.ru ui..idc ..... P'0.
pNotaxde ....... ... P401.
ozychloride ....... POC4
thiobromuld.. 11 Ps~ft
thdochdorid ......... Pscha

Plauiumn ....... . Pt
Potadum ........ .. K

broudide. .. ... ... KB,
chlmid .... .. KCl
fuaride ........ .... KF
bydread ....... KOH
iodide ..... G... K

Radon.... . ...... .. Rn
Rheraumoa nD dc Re-0O

enrea M-.Hg -T--.6.
3 1 10 1 20 -1 40 60 10 IW I 0 M 4EQi76 oi,

- T~emetre.*C 'C

--89 -54.0 -46 7 -38.8 -30.1 -47 7. -. 4+ . 2. -2
-223.0 -216.9 -214.1 -211,0 -207.7 -205,6 -202.7 -198.3 -193,2 -187.9 -223
-- 196.1 -166.6 -182.3 -177.8 -173 0 -170.0 -165.8 -159.0 -151.9 -144.6 -223.9
....... 43.3 56.8 71.8 86.1 99.8 113.2 135.4 161.6 189.0 26. 1
-45.0 -24.9 -15.0 -4.1 +8.0 16.2 27.5 44A 63.8 94.0 -49.5

-163.0 - 151.0 -145.3 -139.2 -131.6 -126.7 -120.3 -111.2 -100.2 -68.9 -165
-41.3 -22.3 -13.0 -3.0 +8.8 16.2 26.5 41.6 58.3 75.0 -71.1
-73,2 -54.6 -45.2 -35AC -23.4 -16,2 -6.3 +8.8 26.0 44.0 -88
-86,7 -69.8 -60A1 -49.9 -38.2 -30.7 -20.3 -4.7 +13.3 31.5 -109
1-36.9 -12.8 -0.9 +11.8 26.3 35.5 47.9 67.0 88.6 110A8 -105.6
1869 2D59 2154 225 2363 243! 2521 2657 2SD7 2%66 1063

-138.8 - 127.4 -121.6 -115.4 -IDS.3 -103.8 -9737 -68.1 -78.0 -66.5 -87.0
-150.8 -140.7 -135.6 -130.0 -123.8 -119.6 -114.0 -105.2 -95.3 -84.8 - 114.3
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it forms a hydrate, which has the composition Br,-7* H,O, according to von
Stackelberg (1949-52; seep. 220). It is more soluble in many organic solvents than
in water-e.g., in chloroform and carbon disulfide.

Bromine water, like chlorine water, evolves oxygen when exposed to sunlight:

Br, + HO = HOBr + HBr, HOBr = HBr + jo,

Atomic bromine, which was obtained by Schwab (r934) in the same way as atomic chlorine,
has a particularly high efficiency of recombination. It was found that recombination of
Br-atoms, to form Br, molecules, took place at every collision with the wall of the container,
irrespective of the material of the wall.

(iv) Iodine is much less reactive than chlorine or bromine. It combines directly
and vigorously with a number of the elements (e.g., with sulfur, phosphorus, iron,
and mercury), but has only a small tendency to combine with hydrogen.

At ordinary temperature, hydrogen and iodine do not combine with measurable velocity.
At higher temperatures, an equilibrium is established between hydrogen iodide and its
components (cf. Table 1o5):

H, + Is 2HI.

Like the other halogens, iodine does not unite directly with oxygen. It forms the
oxide 10s, however, which may be obtained by other means, and which-unike
the oxides of chlorine and bromine-is an exothermic rannnrL...

The solubility of iodine in war rt in 90 at oo The solu-
tion has a weak brownish yellow color. Iodine is readily soluble in many organic
solvents, forming violet solutions in carbon disulfide, chloroform and carbon tetra-
chloride, a red solution in benzene, and brownish solutions in many organic com-
pounds containing oxygen, such as alcohol, ether and acetone. The violet solutions
contain I, molecules. It is considered by some that the brown solutions contain
compounds of iodine with the molecules of solvent (solvates), but others think it
more likely that the differences in color of iodine solution arise from differences in
the forces of interaction between I molecules and solvent molecules, and the
resultant perturbations of molecular energy levels, without involving the formation
of any stoichiometric addition compounds (Korttlm, 1947; Rees 195i). Iodine
forms deep blue adsorption complexes with starch paste and also with the gela-
tinous precipitates of basic lanthanum or praseodymium acetates.

The solutions of iodine in many organic solvents, such as benzopbenone in which it forms
a violet solution, possess electrical conductivity. It may be inferred from this that the iodine
is partially dissociated into ions:

I, I+ + I-.

The reactions undergone by such solutions also indicate that such dissociation occurs. Thus,
in benzene or chloroform solution, iodine reacts with silver perchlorate:

Is + AgCIOs = AgI + I[CIOJ.

The iodine(I) salt can be stabilized by addition of neutral, complex-forming substances
such as pyridine, so that it may be separated as the crystalline dipyridine iodine(I) per-
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produces painful wounds in contact with the skin. The vapor strongly attacks the
mucous membranes, and is dangerous even in high dilution. Bromine boils at

± 58.8* and freezes at -7-3' to a brown crystalline mass with a weakly metallic
luster.

(iv) Iodine is solid even at ordinary temperature, forming grey-black flakes with
a metallic luster (density 4.4. Althou h it boils only at 184..* it is already

perceptibly volatile at ordinary temperature and has a peculiar smell. Iodine vapor
is also poisonous, and produces violent catarrhal inflammations of the mucous
membranes of the nose and eyes. Iodine melts at I i 3.7*, but vaporizes so readily
below this temperature, that it often sublimes without melting if it is not too rapidly
heated.

Villard (1896) and Dewar (1898) made the curious observation that the vapor pressure
of bromine and iodine is higher in the presence of foreign gases (e.g., N,, O,, CO,) than
in a vacuum. This observation was confirmed by Braune and Strassmann (1929).

(d) Chemical Properties

(i) Fluorine [r, 2] is extraordinarily reactive chemically. When mixed with hy-
drogen it usually ignites spontaneously* (even in the dark), and usually with a
violent explosion. It also combines in the cold with bromine, iodine, sulfur,
phosphorus, arsenic, antimony, boron, silicon, wood charcoal,** and with many
metals, producing a flame or vigorous incandescence. Many metals, such as copper,
are only superficially attacked at ordinary or slightly elevated temperatures, since
the coating which is formed hinders further reaction. However, the reaction with
such metals (e.g., zinc, tin, aluminum) goes to completion in some cases with
lively incandescence, when they are more strongly heated. Even gold and platinum
are strongly attacked by fluorine at a red heat. Most chemical compounds are also
decomposed by fluorine, as also are glass and quartz, unless their surfaces are
rigorously freed from adsorbed water. The reaction of fluorine with amorphous
silica may be attended with incandescence; silicon tetrafluoride is formed and
oxygen is displaced. In many of these reactions water exerts a strong catalytic
effect, and perfectly dry fluorine can, indeed, be safely manipulated in dry glass or
silica apparatus. Stopcocks and ground glass joints in such experimentation may
be lubricated with suitable fluorocarbon greases. Hydrogen sulfide and ammonia
inflame in fluorine, and the hydrogen halides (other than hydrogen fluoride) are
also decomposed. Fluorine liberates oxygen from water, some appearing in the
form of ozone.

All these reactions arise from the strong tendency of fluorine to pass into the negatively
charged state, whereby fluorine is able to abstract electrons from almost all other elements.
Only oxygen and nitrogen do not react directly with fluorine; chlorine does so only upon
heating. However, if these elements are present in the negatively charged state, fluorine
abstracts from them their excess electrons, and liberates then in the elementary state:

Na+Cl- + iF = Na+F- + jIl,

Si'+(O'-)2 + 2F, = Si'+(F-). + O

(ii) Chlorine is also a highly reactive element, but is much less reactive than

* See footnote 1, p. 40.
* Graphite reacts with fluorine only at a red heat, and diamond is not attacked up to

700*.
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Table 1
Tank Release Concentration grams/ liter for Radionuclides

Solubility Calculain For each tank grou ynilt- (mass lam/mass nittatslx3fl /I
# of Tanks J 40 43 40 16 10

grams IWSS 2WSS 1ESS 2ESS 4ESS
Ac-225 4.07&-19 3.929-19 1.98E-18 5.38E-17 2.82213
Ac-227 9.80&-13 4.66-13 2.33-12 2.98-11 3.03-14
Ac-228 1.1 3E-07 3.65E,07 6.95E-07 6.58E-05 1.66E-06
Am-241 1.07E-08 4.47E-08 1.051-07 8.09-06 1.86E-07
Am-242 4.58E.12 1.91-11 4.48-11 3.47E-09 7.98-11
Am-243 6.991-08 3.11-07 9.16&.07 8.13-05 1.162-06
At-217 1.47E-26 1.41-26 7.13E-26 1.94E-24 1.30-25
Ba-135m 1.44-06 3.71E-06 8.37E-06 2.18E-05 1.251-06
Ba-137m 3.83-25 1.71-25 4.75-25 1.82-23 3.866-25
81-210 5.72-16 2.72E-16 1.36E-15 1.74-14 1.641-16
BI-211
Bi-212 1.62E-19 1.56E-19 7.87E-19 2.14E-17 1.43&-18
BI-213 6.03-20 2.88E-20 7.18-20 3.002-18 8.41-20
Bi-214 6.06-13 6.05-13 5.44E-12 4.661-11 2.086-12
C-14 6.83E-09 2.86608 6.68-08 5.17-06 1.191-07
Cm-242 1.33E-11 5.73E-11 2.89E.10 2.25E.08 1.61-10
Cm-244 3.52E.14 1.71E-13 9.02E-13 7.04E-11 5.02&13
Cm-245 1.64-06 3.12E-06 5.84-06 1.30-05 9.12-07
Cs-135 1.06E+01 2.75E+01 6.20E+01 1.61E+02 9.24E+00
Cs-137 2.73E-16 2.63E-16 1.33E-15 3.61-14 2.42E-15
Fr-221 5.53E-21 2.63-21 1.31E-20 1.68E-19 1.59E-21
Fr-223 1.841215 2.74-15 1.38-14 6.562-14 9.93E.16
1-129 6.64-03 3.04-02 4.02E-02 3.20E+00 6.29-&01
Nb-93m 5.14E-08 2.41E-07
Ni-59 1.16E-03 4.77E-03 1.256-02 1.01E+00 9.956-02
NI-63 1.92E-09 1.481-09 1.61E-08 7.96E-09 5.61E-10
Np-237 2.49E-07 1.041-06 2.44E-06 1.89-04 4.34E-06
Np-238 5.37E-14 2.39-13 7.04E-13 6.25-11 8.88E-13
NP-239 5.67-16 2.502-16 1.252-15 2.022-14 2.02E-16
Pa.-231 2.402-06 1.842-06 2.00-05 9.92-06 6.99-07
Pa-233 1.82-13 3.96-14 2.406-13 6.93E-12 9.391-14
Pa-234 1.18E-10 2.57&-11 1.56E-10 4.511-09 6.102-11
Pa-234m 3.44E-23 3.32E-23 1.67-22 4.55&.21 3.05-22
Pb-209 4.48&.21 2.00-21 5.56-21 2.13-19 4.51&.21
Pb-210 9.28E-13 4.41-13 2.20E-12 2.82-11 2.671-13
Pb-211
Pb-212 6.03-20 2.88E-20 7.18E-20 3.00-18 8.416-20
Ph-214 3.77-15 5.61-15 2.88-14 1.552-13 2.19-15
Pd-107 4.006-13 1.792-13 4.96-13 1.90-11 4.03E-13
Po-210 4.31-17 2.05-17 1.02-16 1.31E-15 1.24-17
Po-211
Po-212 1.30E-31 1.25E-31 6.31-31 1.72E-29 1.15E-30
Po-213 6.61-32 3.16E.32 7.87E-32 3.29-30 9.21-32
Po-214 2.20-25 1.056-25 5.23E.25 6.70E-24 6.33&.26
Po-216
Po-218 2.94-24 1.40-24 3.50-24 1.46-22 4.10-24
Pu-236 5.41E-09 4.41-09 6.63E-09 5.20-07 3.10-08
Pu-238 2.02E-06 2.01-06 3.921-06 4.77E-04 2.40-05
Pu-239 1.086-04 1.20&.04 2.54E-04 3.31-02 1.65-03
Pu-240 2.36-04 2.222-04 7.10E-04 8.07E-02 3.592-03
Pu-241 1.76-15 7.37-15 1.72-14 1.33E-12 3.07E-14
Pu-242 1.80-08 8.57-09 4.29-08 5.492-07 5.19-09
RO-223
R.-224 1.47E-19 1.41E-19 7.13-19 1.94E-17 1.30E-18
Ra-225 2.122-20 1.01E-20 2.53-20 1.066-18 2.982-20
Ra-226
Ra-228 3.08E-15 4.93-13 5.78-12 4.97E-10 1.076-10

P59/1(o



Table 1
Tank Release Concentration grams/ liter for Radionuclides

Rh-106 2.005-20 9.49E-21 I 4.75E-20 6.085-19 5.74E-21
Rn-219
Rn-220 9.04E-25 4.32E-25 1.08E-24 4.50E-23 1.26E-24
Rn-222 5.43E-18 8.72E-16 1.02E-14 8.78E-13 1.90E-13
Ru-106 3.25E.11 5.52E-11 3.83E-11 5.80-09 7.92E-10
Sb-126 9.29E-12 1.58E-11 1.09&-11 1.66E-09 2.26E-10
Sb126m 1.69E-14 2.53E-14 1.27E-13 5.72E-13 8.92-15

-79 1.26E-02 2.1SE-02 2.54E&02 2.08E+00 2.70E-01
Sm-1S1 2.95E-08 5.00E-08 3.47E-08 5.26-06 7.195-07
S-126 7.325-01 4.05E+00 5.66E+00 2.3E+02 4.99E+01
Sr-90 3.34E07 4.98E-07 2.49&-06 1.13E-05 1.76E-07
TC-99 4.14-09 1.97-09 983-09 1.26E-07 1.19E-09
Th-227
Th-228 2.88E-17 2.78E-17 1.40E-16 3.81E-15 2.55-16
Th-229 5.81E13 2.94E-13 6.75&-13 2.96E-11 1.085-12
Th-231 187-11 4.39E-12 2.49E-11 7.38E-10 9.71E-12
Th-232 2.30E-15 2.57E-15 5.42E-15 7.06E-13 3.53E-14
Th-233 6.502-14 1.41E-14 8.58E-14 2.48E-12 3.365-14
Th-234 3.06E-15 1.45E-15 7.27-15 9.32E-14 taOE-IS
TI-208
TI-209 1.25E-24 1.20E-24 6.07E-24 1.65-22 1.10E-23
U-232 7.67E-13 6.48E-13 5.265-12 5.24r-11 4.055-12
U-233 6.97E-08 3.77E-08 8.51-08 4.38-06 1.92E-07
U-234 1.58E-05 3.72E-06 2.11E-05 6.26E-04 8.23-06
U-235 1.3706 1.53-06 3.23E-06 4.21E-04 2.10E-05
V.236 2.03-05 1.91&05 6.11E-05 6.95E-03 3.0E-04

2.89-11 6.28-12 3.81-11 1.10&.09 p 1.49E-11

T7;b ) (;V)(&



Table 2
Chemical Release Concentrations Nonradioactive Chemicals for

Single Shell Tanks

concentration grams/liter
Chemical 1WSS 2WSS 1ESS 2ESS 4ESS

Ag 5.63E-10 5.11E-10 3.80E-09 1.24E-08 1.97E-10
Al 4.55E+00 8.75E+00 1.53E+01 5.37E+02 1.94E+00
AI+3 9.75E-01 5.73E+00 1.13E+01 8.06E+02 1.87E+00
A102- 6.23E+00 8.47E+00 1.37E+01 1.05E+02 1.34E+00
Ba+2 4.91E-04 1.34E-03 1.95E-03 1.52E-01 1.402-02
B+3 2.28E+00 2.21E-03 1.79E+00 8.27E-01
C2H303 7.28E-02 2.25E-02 6.15E-03 1.65E-01 2.19E-01
C6HS07 7.47E+00 5.21E+00 2.33E+01 1.53E+02 1.79E+00
C03-2 9.68E+00 1.27E+00 1.22E+01 8.62E+01 2.80E+00
Ca+2 2.72E-03 4.60E-02 1.04E+00 9.16E+01 1.13E-01
Cd+2
Ce+3 1.59E+00 2.50E-01 1.68E+00 3.67E-01 1.29E-01
Cl- 3.00E-01 4.28E-02 2.40E-01 5.58E-02 4.44E-03
Cr+3 1.73E-02 6.59E-01 1.38E-02 2.30E-01 6.07E-02
CrC4-2 4.28E-03 1.63E-01 3.42E-03 5.69E-02 1.50E-02
EDTA 5.58E-01 1.73E-01 4.71E-02 1.27E+00 1.67E+00
F- 1.97E+00 2.38E-01 4.42E+00 5.56E+02 2.27E-02
Fe+3 2.33E+00 6.47E-01 2.70E+00 7.72E+01 1.31E+01
Fe(CN)6-4 3.00E-02 1.08E-02 4.72E+00 9.73E+01 3.90E-03
HEDTA 1.01E+00 3.14E-01 9.41E-02 2.30E+00 3.04E+00
Hg+
K+ 6.85E-02 2.00E-01 5.50E-01 2.56E-01 3.33E-02
La+ 2.03E-02 7.60E-03
Mn+4 2.87E-01 8.92E-02 2.49E-01 7.12E+01 1.73E+00
Na+ 1.99E+02 1.67E+02 2.20E+02 2.92E+03 2.78E+02
NI+2 6.88E-02 2.64E-02 2.37E+00 6.122+01 7.31E-02
N02- 2.41E+01 6.33E+00 3.92E+01 6.59E-01 1.71E+01
N03- 3.60E+02 3.60E+02 3.60E+02 3.60E+02 3.60E+02
01-- 6.20E+00 1.82E+01 1.98E+01 1.97E+03 1.28E+01
P04-3 3.66E+01 8.70E-01 3.44E+01 4.14E+01 6.34E-02
Pb 3.22E-02 3.06E-02 8.04E+00 9.48E+00 7.60E-03
S103- 7.67E+00 1.90E+00 7.68E+00 9.83E-01 1.54E-01
Sn 1.02E-04
S04-2 8.68E+00 1.96E+00 1.05E+01 1.86E+02 6.15E+00
Sr+2 1.28E-05 5.52E-04 6.82E-01 3.522-02 4.25E-03
W+4
Zr+4 1. 9 2 E-01 1.83E-01 1.24E-01 2.82E+02 9.41E-03
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Table 3
DST Tank Release Concentration grams/ liter for Radionuclides

DST INVENTORY RADIONUCLIDES IN GRAMS
Deyed to 12/31/1995
Radionuclide ACT CI/g 3WS 3EDS 5EDS

grams

C-14 4.45 1.81E-01 5.22E+02 1.18E+00
Sr-9 139 4.39E+02 7.89E+04 5.01E+02
Y-90 5140 1.19E+01 2.13E+03 1.35E+01
TC-99 0.0169 2.17E+05 9.37E+05 9.46E+04
Cs-137 86.4 4.24E+04 2.53E+05 4.51E+04
Ba-137 537000000 6.82E-03 4.07E-02 7.25E-03
Eu-154 270 1.62E+00 2.72E+02 1.972+00
Np-237 0.000704 5.39E+02 6.40E+04 2.02E+02
Pu-238 17.1 6.15E+01 9.98E+00 1.14E+01
Pu-239 0.0619 3.45E+04 7.99E+04 2.07E+04
Pu-240 0.227 3.36E+03 5.60E+03 1.58E+03
Pu-241 103 1.80E+02 1.05E+02 1.OOE+02

Am-241 3.43 3.47E+03 1.712+04 1.452+02

CONCENTRATION IN GRAMS/LITER -(MASS NUCLIDE/MASS N03)*360

Radionuclide 3WDS 3EDS 5EDS

N03 mass g 1.04E+09 2.20E+09 4.45E+09
C-14 6.27E-08 8.56E-05 9.52-08
Sr-90 1.2E-04 1.29E-02 4.05E-05
Y-90 4.11E-06 3.49-04 1.10-06
TC-99 7.50E-02 1.54E-01 7.66E-03
Cs-137 1.47-02 4.14E-02 3.65E-03
Ba-1§7 2.36E-09 6.66-09 5.87-10
Eu-154 5.61-07 4.45E-05 1.60E-07
Np-237 1.86E-04 1.05E-02 1.63E-05
Pu-238 2.131-05 1.63E-06 9.22-07
Pu-239 1.202-02 1.31E-02 1.67-03
Pu-240 1.16E-03 9.17-04 1.28E-04
Pu-241 6.23-05 1.71E-05 8.12E-06
Am-241 1.20-03 2.802-03 1.17E-05



Table 4 P
Tank Release Concentration grams/liter for Non Rad Chemicals

CONCENTRATION GRAMS/ITER
Chonical |SEDS |3ED8 3WDS

Ag+ 1.16E-01 3.43E-02 2.01-02

AI+3 3.47E+00 1.72E+00 5.00E+00
A9+5 8.42E-02 4.26-03 6.97E-02
B+3 8.23E-02 1.09E-02 1.48-01
Ba+2 2.52-01 1.22E-01 1.13E-02
Be+2 5.43E-03 3.66E-03
BI+3 | 1.40-01 8.53E-02
Ca+2 1.06E+00 3.92E-01 2.15E+00
Cd+2 4.75E-01 1.16-02. 8.36-02
Ce+3 2.27-01 9.12E-02
Cr+3 7.53E01 1.28-01 8.32E+00
Cu+2 3.86E-02 1.71E-02 1.18E-01
Fe+3 1.09E+01 4.48-01 4.31E+00
1Hg+ 4.65-03 1.54E-04

tK+ 1.21E+01 6.19E+01 1.30E+01
La+ 1.60E+00 2.21E-01 3.42E-02
U1+ 2.002-03 1.94E-03
Mg+2 8.13E-01 2.28E-01 1.76E-01
Mn+4 1.69E+00 1.81-01. 1.28E+00
Mo+6 3.26E-01 1.31-01 2.95E-01
Na+ 4.91E+02 4.81E+02 7.48E+02
Nd+3 9.61-01 4.04E-02
Ni+2 6.77-01 1.002-01 5.75E-01
Pb+4 2.84-01 2.28E-01 1.16&.01
Pd 9.70-02
Rh 5.18E-03
Re 2.95E-03 3.50-02
Rh 6.91-03 2.41E-01 4.78-02
Ru 2.33-02 1.37-01 4.70E-02
Sb 1.72E-01 2.212-01 3.40E-02
Se 1.56E-01 4.25-01 2.20E-01
S103- 1.69E+01 2.37E+00 2.102+00
Sn 2.60-06 6.24E-05
Te 5.46-03 1.85-01 3.56-02
Th 3.26-02 4.18-01 2.16-01
TI 2.13-02 4.58-02 1.34E-02
TI 3.142-01 4.79E+00 1.90-01
U02+2 2.41E-01 4.48E+00
V+5 5.67E-03 2.72-02 4.74E-03
W+6 6.04-02
Zn+2 6.23-02 3.95-01 4.66&-01
Zr+4 1.51E+00 4.23E+01 6.39E-02
AU(OH)4-2 1.97E+02 1.37E+02 4.13E+02
C03-2 8.03E+01 1.38E+02 3.03E+01
C- 1.19E+01 8.59E+00 2.59E+01
Cr(OH)4- 3.28E+00 1.87E+00 2.08E+01
F- 2.93E+00 5.24E+01 3.11E+00
S04-2 2.26E+01 1.18E+01 1.45E+01
N03- 3.60E+02 3.60E+02 3.60E+02
N02- 1.57E+02 1.46E+02 8.51E+01
P04-3 6.91E+00 1.23E+01 2.54E+01
OH- 8.28E+01 1.24E+02| 8.37E+01
TOC 7.04E+01 9.73E+001 4.46E+01
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lEstimated Vaults Release Concentrations, g/L I

Glass Metric Conc. lonicj Metal Meta Oxygen
Component Tans / Form Subscript At Wt Subscrip

Ag2Y 3.2E-0T -8.49EO - A AT+1 2 1081 1
A7O .94E4 2.3BE0T Al+3 2 271

Am- f./6E-0;3 6.51E-07 - -A-m+-3 2' 243 :3
|As20 1 1.1t8E+Uu .9-0 s5 7b1 5

B3 1.67E+vu .E4 +3 2 209 -3
Bao 8.81 E-01 2.04E-041 a2 | 17
eu ./BE-T1t 2TU2-4m BE+21 1- I 1

BIOU- /7.2E+11 1-f.76E-M2 Bi+3| 2- 2-f
CaU | 3.87E+-4Z 7.1f6E+-U -Ca+2j 1 40| 1---

CdGO I 2.3E+-OU 6.4TE-1 C--td-+2 11 112 --
C-MZu | 2./E+OU 6.1/-W4 --- Ce+-31 1 1 3

Cm2Y- IN' - -. O0r+00| Gm+ 247
G 203 |NS 0. OOE+ 00| - -C-o+312|S9
Cr2O3T .1E+2 3.74E-021 Cr+35 2- -2 -3 -Cs20 I 6.83E-W3 1.t7-6 C+j2/13
CUT - -- 22E-01T 4.58E-051 Cu+ 2 1----4--1

F-2Z - 2.OBY+701 3.73E-03 F-e+31 21 b56
K20 2.65E-011 5.j70E-05M K+1T2 39|

13 - r3

Li20 j 1.24E-02| 1.50E-06| TT+ 2 --- 7| 1
Mgu -f 1.0E-+-Ou 2.49E-4" Mg+2] 1---T --- 24X 1---

WM2 2.6E-+O11 3.b4E-0 Mn+41 1f55
M-O3- | 7.29E+ TO 1.26E-03| M-o+-6 ---- T6 -----

Na2 |9.8E+4|1.89E+01| Na+1| 2| 3
Ni203 5 .72E+00W 1.05-0=Ni3 2| 59|

pO 1.66E-02 7-+4 237 2

PU-O2- | 3.26E-f2f -7.4BE-06| - Pu+4 ----- -- 24Z1
|RbO2 NA | 0.00E+00| Rb+4| 11 5

(ReZ07 MA .0E0 Re+ 7- 2--- 1861 7
|RF203-- INA - -. 0E+0U Rh+323| 3

[RU2U3 |NA O .00E+001 --- Ru+'3 21 3
[Sb205-- -NAU mT0+-Ou+5 2 122| 5

TSeDT ffNA -D.UUE-+00W Se6-179 ---- 7
SiO .2UE+05 2.77E+1U T-+41 1--- 281

Sm210- WNA - - .00E+O SM+3| 2- 15--y -3--
Sn02 |NA O .00E+001 Sn+4j 1---- --- 11TT-

Sr - 4.0 E - 8.77E--05 --- +2T -----T
Tc207- - 2.E+T-W 3.25E-W4 -rpT - 21 9
TeO3 " N WK -D.OUE+W0 T -+6 - 1 1281 3
l'02- ffNA | 0.uwE+-ou -- Thi+4| 1-- 232l

TM23- |NA- | U.0E+ W TI+3] 2| 24-z
UW3 9.02E+01 Z 2.2E-021 UQO2+2| 1| 238|

WU-2 1 2.1-05 U.MTE-09g - WO4-2 11 1841
W03 - |g.-4WE-01T 2-.WE-Z4T WVO4-21 1 --- 174ST
ZnT | 4.4BE+00W 9.7-| Zn+2| 1-- 65 1

VAUCN.WK - IRev-. BF- I



C& ad Bt, (MCi) 4.93E46 4.93E-06 4.93E-01 4.93E-05 4.93E-01 4.93E.01 4.93E-0 4.93E.05 4.93E.05

w n Y. (MCI) 1.90E-05 1.90E-05 1.90E+00 I.9E-04 1.90E+00 1.90E+00 1.90E+00 1.90E.Z4 1.90E-04

Tc. (mcl) 2.59E-07 2.59E-07 2.59MM 2.59E-06 2.59E42 2.59E.0-1 2.59E.0- 2.59E-06 2.59E.46

Am. (MCI) 8.60E-M8 3.60E-M 9.60E-03 9.60E-07 8.60E-03 9.60E-03 1.60E-03 8.60E-07 S.60E-07

Np, (MCO) 1.03F,10 1.ME-10 1.03E-0 I.ME09 1.03E-OS 1.03E-05 L.M3&05 1.03E-09 1.03E09
PU.239, (MO) 1.67E-m 1.67E-48 1.67B*3 I.A7E-07 1.67FA ".7E.031 1.67E-03 1.67E-07 1.67E-07
Pu-240. (MCI) 4.13E-09 4.13E.09 4.14E-04 4.14&0M 4.14E.04 4.14E-04 4.14E-04 4.14E48 4.14E-48

Pu.24 1, (MO) 1.48E49 1.48E-M8 1.48E-03 I.48&07 1.48&03 1.48E-03 1.48B-03 1.48&-07 IA4E-07

Total TRU, (MC) I.22-07 I.2E-07 I2E-02 1.22-06 1.22E-02 1.22P,02 L22E0 1.22E-06 I.M2&06

Toudl MCi 2A3E-W5 2.43E-05 2.43E+00 2.43B-04 2.43E+00 2.43E+00 2.43E+oo 2.34354 2.43604

TWa Mws Flow, (vM 3.87E+00 3.V7E+00 3.97E+05 3.87E+01 3.47E+05 3.97B+05 5.ISE+05 3.87E+01 3.87E+07
Totad Cr, (NM 1.44E-03 1.44B-03 1.44B+M2 1.44502 1.44E+M2 1.44E+M2 1.44E+M2 1.44Ea-l 1.44E.2
Toudl Na, (hfr) 7.18E-01 7.18F,01 7.18E+04 7.1$E+00 7.13E+04 7.192+04, 7.ISE+041 7.ISE+00 7.ISE+00

TOWa Si, WMT 1.07E+00 1.07E+00 1.07E+05 1.07E+01 I.M7+05 I.07+Q5 1.07E+05 1.07B+01 1.07E+01
TOWa ?, (VM 1.35E-02 1.35E.0M 1.35E+03 1.35E,01 1.35E+03 1.35B+03 1.35E+03 1.35S-01 -. 35E.Ol

ToWa N02-. (AT)

ToWa N03., ( M)
AG+

AG20 3.5E-06 3.5E-06 M.2241 3.52E.O$ 3.52E- 3.52-01 3.52-0 3.52E-05 3.M2&05

AL+3

AL203 1.94E-01 1.94E-01 I1.94E+04 1.94E+00 1.94E+04 1.94E+G411.94E+041 1.94E+00 1.94E+00
AM+3

AMA203 2.75E-M8 2.75E46 2.76E-M3 2.76&-07 2.76E-03 2.76E.03 2.76E.03 2.76E-07 2.76i*7

AS+5.

AS2Q5 I.1SE-05 1.ISE-05 L.1SE+00 I-.SE-04 1.18E+00 L.1SE+00 L.1SE+00 L.SE-04 I.ISE-04
B+3
B203 1.67E-05 1.W7E-5 I.M7+00 1.67&-04 1.67E+00 1.67E+00 1.67E+00 1.67E-04 1.67E-04
BA+2

BAO S.SIE46 X.SIE-W6 S.SE&01 S.82-W S.M2MI S.ME-01 S.81E-0 3.92E-03 S.ME-05
BE+2

BEO 2.27E-06 2.27E-06 2.27E-01 2.27E.05 2.27FAI 2.27F,01 2.27E.01 2.27E-05 2.27F,05

BI+3

Br-03 7.52&04 7.52504 7.5E+01 7.52E&03 7.5-'E+01 7.5--E+01 7.52E+01 7.52P-03 7.ME-M
C14
CA+2

CANCRINM

CAO 3.87E-01 3.87E-01 3.37E+04 3.97E+00 3.37E+04 3.97E+04 3.87E+04 3.97E+00 3.87E+-O0
CD+2

CDO 2.38E-05 2.38E.05 2.38E+00 2.38E-04 2.38E+00 2.3$E+00 2.38E+00 2.38E44 2.3ig04
CE+3

CEM03 2.79M-0 2.79FA5 2.79E+00 2.79E.04 2.79E+00 2.79E+00 2.79E+00 2.79&064 2.79E.04
CL-
C03-2

C9+3

CRI03 2.10F,03 I2.IOE.0312.IIE+M2215221E0 2.IIE+02 2.IE+M2 2.IIE-0- 2.11E-M
CS+

A-118
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WHC-SD-WM-EV-104 Rev. B
I12

C320 6.2E-M 6.M2E-08 6.83E-03 6.83E-07 6.83E-03 6.93E-03 6.83E-03 6.83E-07 6.83E-07

Cu

CU+2

CUO 2.21E-06 2.21E-06 2.21E-01 2.21E-05 2.212-01 2-21E-01 2.21E-01 2.21E-05 2.21E.05

CUSC4

IF-
FE+3
FE203 2.065-04 2.06E-04 2.06E+01 2.06E-03 2.06E+01 2.06E+01 2.06E+01 2.06E-03 2.06E-03

HG+2
I-

K+
K20 2.A5E-06 2.45E.06 2.65E-01 2.65B45 2.65E-01 2.65E-01 2.65E-01 2.15E-05 2.65"-5

LA+3

LA203 2.58E-06 2.58E-06 2.8-01 2.5805 2.58E-01 2.58E-01 2.512-01 2.58-5 2.58E-05

Ll+

L120 1.24E-07 124E-07 1.24E-02 1.24E-06 1.24E-02 1.24E-02 1.24E-02 1.24E-06 2.24E-06
MG+2

MGO 1.60E-05 1.40E.05 1.40E+00 1.60E-04 1.60E+00 1.60B+00 1.60E+00 1.60B-04 1.60E-04

MN02 2.16E-04 2.16E-04 2.16E+01 2.16E-03 2.16E+01 2.16E+01 2.16E+01 2.16E-03 2.16E-03

MO+6

MOO3 7.29E-05 7.29".O5 7.29E+00 7.29E44 7.29E+00 7.29E+00 7.29E+00 7.29E-04 7.29E-04

NA+
NA20 9.682-01 9.688-01 9.68E+04 9.68E+00 9.68E+04 9.68E+04 9.68E+04 9.68E+00 9.68E+00

IN4+3

N12FECN6

N12O3 5.72E-05 5.72B-05 5.72E+00 5.72E.04 5.72E+00 5.72E+00 5.72E+00 5.72E-04 5.72E-04
NIO 1.40E-07 1.50E-07 10E-02 1.50-06 1.50-02 1.50E-02 1.50E-02 1.50E-06 1.50E-06

N402-

NO3-

NP+4

NPO02 1.66B-07 1.66E-07 1.66-02 1.66E.06 1.66E-02 1.66E-02 1.66E-02 1.66E-06 1.66E-06
OH.

P205 3.09E.02 3.09E-02 3.09E+03 3.09B-01 3.09E+03 3.09E+03 3.09E+03 3.09E-01 3.09-01
P205:24W

PD+4

P8302 2.26-05 2.26E-05 2.26E+00 2.26E-04 2.26E+00 2.26E+00 2.26E+00 2.26E-04 2.26E-04
PO4-3

POLY

PU+4

PU02 3.26E-07 3.26E-07 3.26E-02 3.26E.06 3.26E-02 3.26E-02 3.26E-02 3.26E-06 3.268-06
S 1.28E+05
SI.-4

SI2 2.29E+00 2.29E+00 2.29E+05 229E+01 2.29E+05 2.29E+05 2.29E+05 2.29E+01 2.292+01
S04-2

SR+ ' 
0E03 OOJSRO 4.00E-06 4.00E-06 4.00-01 4.00E-05 4.00E-01 4.00E-01 4.00E-01 4.00E-05 4.002-05

A-119



WHC-SD-WM-EV-104 Rev. B

ZM~mm at
TCO7 2.39E-05 239E-05 2.39E+00 2.395-04 2.39E+00 2.39E+00 2.39E+00 2.39E-04 2.39E-04

TC04-

TOC

U02+2

U03 9.01E-04 9.01B44 9.02E+01 9.02E-03 9.ME+01 9.02E+01 9.02E+01 9.02E-03 9.0-E-03
V+S

V205 1.10E46 1.10-06 1.11E-01 1.11E-05 1.11E-0 1.11E-0 1.11E-01 1.11E-05 1.11E-05
WO2 2.912-10 2.91E-10 2.91E-05 2.91E-09 2.91E-05 2.91E-05 2.91E-05 2.91E.09 2.912.09

W03 9.40E-06 9.40E-06 9.40E-01 9.40E-05 9.40E-01 9.40E-01 9.40E-01 9.40E-05 9.40E-05

ZN+2

ZNO 4.46P-05 4.46E-05 4.46B+00 4.46E-04 4.46E+00 4.46E+00 4.46E+00 4.46E-04 4.46E-4

ZR+4

ZRO2 6.49E-06 6.492-06 6.49-01 6.49E-05 6.49E-01 6.492.01 6.492-01 6,49E.05 6.4920
ZR:2H2II

A-120
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Comparison of LLW glass from TPA material balance Rev A versus Rev B
LLW glass is material balance Stream 437 [
Consitutents of Concern |

stream 437 sream 437 stream 437
Inventory Inventory inventory in grams Inventory in LLW glass
Rev A Rev B rbased on mass fraction in feed
MT MT grams metric ton

Tc207 2.81 2.39 To 1526516 fTc99 1526516 1.526516
U03 9.74E+01 9.02E+01 U 75061538 Pu238 9.346429 9.35E-06
PuO2 9.46E-03 3.26E-02 Pu 28820.29 Pu239 26896.57 0.026897
NpO2 5.35E-03 1.66E-02 Np 14625.28 Pu240 1863.687 0.001864

Pu241 50.68281 5.07E-05
Pu242 0.005495 5.49E-09
U233 0.058661 5.87E-08
U234 1.61748 1.62E-06
U235 496835.2 0.496835

__U236 1.832832 1.83E-06
FROM THE INVENTORY DATA U237 6.73E-07 6.73E-13
MASS OF RADIONUCLIDES (grams) U238 74564700 74.5647
from inventory by tank grouping Np237 14625.28 0.014625

SSTs DSTs TOTAL Fraction Np238 1.14E-07 1.14E-13
Pu238 65.1 82.88 147.98 0.000324 Np239 1.28E-05 1.28E- 1
Pu239 290791.6 135056 425847.6 0.933251
Pu240 18960.35 10547 29507.35 0.064666
Pu241 417.5 384.95 802.45 0.001759 The material balance is based on WHC inventory which is 12131/99 1 1
Pu242 0.087 0.087 1.91E-07 The breakdown by isotope using tank by tank grouping data is decayed to 1231/95\
total Pu | 456305.51
U233 1.125 1.125 7.82E-10
U234 31.02 31.02 2.15E-08
U235 95282941 9528294 0.006619
U236 35.15 35.15 2.44E-08
U237 1.29E-05 1.29E-05 8.96E-15
U238 1.43E+09 1.43E+09 0.993381
total Np _ _1.44E+09

Np237 98913 64729 1636421 1
Np238 1.28E-06 | 1.28E-06 7.82E-12
Np239 1.43E-04 0.0001431 8.74E-10
total Np 163642
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I Radionucli Decayed to 12/31/1995
1_.__# of Tanks1 401 431 401 161 10

IC_/S . Ci 1WSS 12WSS l1ESS 2ESS 4ESS
5.80E+04 Ac-225 1.72E-061 2.88E-06 6.03E-06 2.25E-06 2.84E-061

72.3 Ac-227 0.0051791 0.004258 0.008844 0.0015521 0.000277
3.43 Am-241 2261.0461 12602.86 9961.252 12927.14 6139.114

8040 Am-242 2.6760831 19.36104 18.82025 19.97412 8.668311
9.71 Am-242m 2.688882 19.45364 18.91026 20.06965 8.70977

0.199 Am-243 1.0156281 7.824369 9.568559 11.64296 3.122778
___ 1.61E+12 At-217 1.72E-06 2.88E-06 6.03E-06 2.25E-06 2.84E-06
5.37E+08 Ba-137m 844480.3 3775456 3538440 126183.6 136522.7
1.24E+05 BI-210 1.5E-08 1.16E-08 1.34E-08 7.03E-09 2.81E-09
4.18E+08 Bi-211 0.005179 0.004258 0.008844 0.001552 0.000277
1.46E+05 Bi-212 0 0 0 0 0
1.38E+04 BI-213 1.72E-06 2.88E-06 6.03E-06 2.25E-06 2.84E-06
4.41E+07 Bi-214 6.08E-08 5.03E-08 5.2E-08 2.98E-08 1.58E-08

4.451C-14 1952.4281 3373.5911 12587.81 1479.091 1250.91
3300 Cm-242 2.2196451 16.058791 15.61023, 16.5673 7.189828
80.8 Cm-244 3.2168871 23.891071 50.08551 53.42385 7.202217

0.172 Cm-245 0.000208 0.001744 0.0038261 0.004092 0.000551
1.15E-03 Cs-135 20.65955 67.89432 52.724781 1.611265 2.130069

86.4 Cs-137 892685.3 3990968 3740423 133386.4 144315.7
1.77E+08 Fr-221 1.72E-06 2.88E-06 6.03E-06 2.25E-06 2.84E-06
3.86E+07 Fr-223 7.15E-05 5.88E-05 0.000122 2.14E-05 3.82E-06
1.76E-04 1-129 5.189401 13.39034 27.88373 1.821797 0.520811

2.63E+02 Nb-93m 85.37654 675.9455 371.1179 404.9119 1504.691
0.0807 Ni-59 0 1707.296 3325.23 0 0

58.8 Ni-63 (6834.228 48601.69 53030.59 58729.78 109051.8
7.04E-04 Np-237 8.264374 11.00118 49.584121 0.3368 0.448371

2.59E+05 Np-238 0.012799 0.092599 0.090013 0.095532 0.041459
2.32E+05 Np-239 1.015628 7.824369 9.5685591 11.64296 3.122778
4.72E-02 Pa-231 0.009613 0.007326 0.01526 0.003377 0.000637

2.07E+04 Pa-233 8.2643741 11.00118 49.584121 0.3368 0.448371
1.99E+04 Pa-234 0.2750631 0.103494 0.2608031 0.103241 0.026397
6.86E+08 Pa-234m 171.9143 64.68359 163.0022 64.52547 16.49811
4.59E+04 Pb-209 1.72E-06| 2.8-8E-06 6.032-06 2.25E-06 2.84E-06

76.4 Pb-210 1.5E-08 1.16E-08 1.34E-08 7.03E-09 2.81E-09
2.47E+07 Pb-211 0.005179 0.004258 0.008844 0.001552 0.000277
1.38E+04 Pb-212 0 0 0 0 0
3.28E+07 Pb-214 6.08E-08 5.03E-08 5.2E-08 2.98E-08 1.58E-08
5.14E-04 Pd-107 9.0336 23.27601 49.54251 3.664392 0.974433

4.49E+03 Po-210 1.5E-08 1.16E-08 1.342-08| 7.03E-09 2.81E-09
1.04E+11 Po-211 1.41E-05 1.16E-05 2.41E-05 4.24E-06 7.56E-07
2.95E+13|Po-212 0 0 0 0 0
1.26E+16 Po-213 1.69E-06 2.81E-06 5.9E-06 2.2E-06 2.78E-06
3.22E+14 Po-214 6.08E-08 5.03E-08 5.2E-08 2.98E-08 1.58E-08

_ _2.95E+13 Po-215 -0.005179 0.004258 0.008844 0.001552 0.000277
_ _3.57E+11 Po-216 -0 0 -0 0 0|
2.83E+08 PO-218 6.08-08 5.03E-08i 5.2E-08 2.98E-08 1.58E-081
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17.11 Pu-238 1 209.6931 296.17641 184.94891 198.79041 223.7 023
0.0619 Pu-239 j 2522.875 4350.6211 3522.8921 5871.2381 5570.596
0.227JPu-240 1 486.5172 940.2621 825.25791 1472.8581 1389.2861

1031Pu-241 1 3917.129 6358.1751 8460.2341 13183.461 11080.7
3.93E-03jPu-242 I 1.33E-05 9.59E-051 9.32E-05 9.89E-051 4.29E-05
5.12E+04 Ra-223 1 0.005179 0.0042581 0.0088441 0.0015521 0.000277
1.61E+05 Ra-224 0- 0| 0| 0| 0
3.92E+04 Ra-225 1.72E-061 2.88E-061 6.03E-061 2.25E-061 2.84E-06

0.988 Ra-226 6.08E-081 5.03E-081 5.2E-081 2.98E-08 1.58E-08
272 Ra-228 0 0 0 0 0

3.55E+09 Rh-106 6.11E-051 0.0169641 0.0824851 0.0972831 0.396806
1.30E+10 Rn-219 0.005179 0.004258| 0.008844 0.0015521 0.000277

_ 9.21E+08 Rn-220 0| 0| 0 0| 0
1.54E+05 Rn-222 -6.08E-08 5.03E-08 5.2E-08 2.98E-081 1.58E-08
3.34E+03 Ru-1 lOS 6.11E-05 0.016964 0.082485 0.097283 0.396806
8.35E+04 Sb-126 7.936369 23.28679 6.712138 13.94531 35.94768
7.85E+07 Sb-126m -56.68835 166.3342 47.94384 99.60934 256.7691
6.96E-02 Se-79 97.05961 251.0777 521.4021 32.2847 9.509629

26.3 Sm-151 64317.33 189324.1 56333.671 104150.4 255351.4
0.0283 Sn-126 56.68835 166.3342 47.943841 99.60934 256.7691

139 Sr-90 1513650 14476169 8411675 4949226,19174943
0.0169 Tc-99 3387.614 8743.647 18136.74 1132.886 331.8042

3.07E+04 Th-227 0.005107 0.004199 0.008722 0.001531 0.000273
8191Th-228 0 0 0 0 0

0.212ITh-229 | 1.72E-06 2.88E-06 6.03E-06 2.25E-06 2.84E-06
2.02E-02 Th-230 9E-06 7.86E-06 7.51E-06 4.51E-06 3.11E-06

5.29E+03 Th-231 7.217891 2.933397 6.922466 2.809554 0.697812
1.10E-07 Th-232 1.85E-14 3.57E-14 3.13E-14 5.59E-14 5.27E-14

2.31E+04 Th-234 -171.9143 64.68359 163.0022 64.52547 16.49811
1.90E+08 TI-207 0.005164 0.004247| 0.008819 0.001548 0.000276
2.96E+08 TI-208 -0 0 0 0 0
4.09E+08 TI-209 3.73E-081 6.21E-08 1.3E-07 4.85E-08 6.13E-08
9.64E-03 U-233 0.001199 0.001753 0.00591 0.000807 0.001178
6.24E-03U-234 0.04907 0.045905 0.043094 0.030365 0.025199
2.16E-06 U-235 | 7.217891 2.933397 6.922466 2.809554 0.697812
6.46E-05 U-236 0.000216 0.000418 0.000367 0.000654 0.000617
8.15E+04 U-237 0.09597| 0.155775 0.207276 0.322995 0.271477|
3.36E-07 U-238 171.9143 64.68359 163.0022 64.52547 16.49811
5.41E+03 Y-90 1513650 14476169 8411675 4949226 19174943

_ 2.51E-03lZr-93 45.38102| 800.02 241.6636 562.6344 2286.793

Page 2

RZOPA \ 5



611&,
Sheeti

tank contents in grams 1
40 43 40 16 10

1WSS 2WSS 1ESS 2ESS 4ESS
2.97E-11 4.96E-11 1.04E-10 3.87E-11 4.89E-11
7.16E-05 5.89E-05 0.000122 2.15E-05 3.83E-06
659.197 3674.302 2904.155 3768.847 1789.829

0.000333 0.002408 0.002341 0.0024841 0.001078
0.276919 2.003464. 1.947504 2.066906 0.89699
5.10366 39.31844 48.08321 58.50734 15.69236

1.07E-18 1.79E-18 3.75E-18 1.39E-18 1.76E-18
0.001573 0.007031 0.006589 0.000235 0.000254
1.21E-13 9.36E-14 1.08E-13 5.67E-14 2.27E-14
1.24E-11 1.02E-11 2.12E-11 3.71E-12 6.62E-13

0 0 0 0. 0
1.25E-10 2.08E-10 4.37E-10 1.63E-101 2.06E-10
1.38E-15 1.14E-15 1.18E-15 6.76E-16 3.58E-16

438.7478 758.1104 2828.721 332.38 281.1035
0.000673 0.004866 0.00473 0.00502 0.002179
0.039813 0.295682 0.61987 0.661186 0.089136
0.001209 0.010138 0.022243 0.023793 0.003206
17964.83 59038.54 45847.63 1401.1 1852.234
10332.01 46191.76 43291.93 1543.824 1670.321
9.75E-15 1.63E-14 3.41E-14 1.27E-141 1.6E-14
1.85E-12 1.52E-12 3.16E-12 5.55E-131 9.9E-14
29485.23 76081.49 158430.3 10351.121 2959.154
0.324626 2.570135 1.411095 1.5395891 5.721258

0 21156.09 41204.83 0 0
116.2284 826.5593 901.8807 998.8058 1854.622
11739.17 15626.67 70431.98 478.4089 636.8901
4.94E-08 3.58E-07 3.48E-07 3.69E-07 1.6E-07
4.38E-06 3.37E-05 4.12E-05 5.02E-05 1.35E-05
0.203666 0.155203 0.323304 0.071551 0.013501
0.000399 0.000531 0.002395 1.63E-05 2.17E-05
1.38E-05 5.2E-06 1.31E-05 5.19E-06 1.33E-06
2.51E-07 9.43E-08 2.38E-07 9.41E-08 2.4E-08
3.76E-11 6.27E-11 1.31E-10 4.89E-11 6.19E-11
1.97E-10 1.52E-10r 1.75E-10 9.2E-11 3.68E-11
2.1E-10 1.72E-10 3.58E-10 6.28E-11 1.12E-11

0 0 0 0 0
1.85E-15 1.53E-15 1.59E-15 9.09E-16 4.81E-16
17575.1 45284.06 96386.22 7129.167 1895.785

3.34E-12 2.58E-12 2.98E-12 1.57E-12 6.27E-13
1.36E-16 1.12E-16 2.32E-16 4.07E-17 7.27E-18

0 0 0 0 0
1.34E-22 2.23E-22 4.68E-22 1.74E-22 2.2E-22
1.89E-22 1.56E-22 1.62E-22 9.26E-23 4.9E-23
1.76E-16 1.44E-16 3E-16 5.26E-17 9.39E-18

0 0 0 0| 0
2.15E-16 1.78E-16 1.84E-16 1.05E-161 5.57E-17
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12.262751 17.320261 10.815731 11.625171 13.082
40757.261 70284.681 56912.631 94850.371 89993.48
2143.2481 4142.1241 3635.4971 6488.361 6120.203
38.030381 61.72985 82.138191 127.99481 107.5796
0.0033721 0.024397 0.023715| 0.025169 0.010923
1.01E-071 8.32E-08 1.73E-071 3.03E-08 5.41E-09

0| 0 0| 0 0
4.4E-111 7.34E-11 1.54E-101 5.73E-11 7.24E-11

6.15E-081 5.09E-08 5.27E-081 3.02E-08 1.6E-08
0| 0 0| 0 0

1.72E-141 4.78E-12 2.32E-11 2.74E-11 1.12E-10
3.98E-13 3.28E-13 6.8E-13 1.19E-13 2.13E-14

0 0 0 0 0
3.95E-13 3.26E-13 3.38E-13 1.94E-13. 1.02E-13
1.83E-08 5.08E-06 2.47E-05 2.91E-051 0.000119
9.5E-05 0.000279 8.04E-05 0.0001671 0.000431

7.22E-07 2.12E-06. 6.11E-07 1.27E-061 3.27E-06
1394.535 3607.4381 7491.41 463.8606 136.6326
2445.5261 7198.6361 2141.965 3960.091 9709.18
2003.1221 5877.533 1694.129 3519.765 9073.114
10889.571 104145.1 60515.65 35605.95 137949.2
200450.51 517375.5 1073180 67034.7 19633.39
1.66E-071 1.37E-07 2.84E-07 4.99E-08 8.89E-09

0| 0 0 0 0
8.14E-061 1.36E-05 2.84E-05 1.06E-05 1.34E-05
0.000445 0.000389 0.000372 0.000223 0.000154
0.001364 0.000555 0.001309 0.000531 0.000132
1.68E-07 3.24E-07 2.85E-07 5.08E-07 4.79E-07
0.007442 0.0028 0.007056 0.002793 0.000714
2.72E-11| 2.24E-11 4.64E-11 8.15E-12 1.45E-12

0 0 0 0 0
9.11E-17 1.52E-16 3.18E-16 1.19E-16 1.5E-16
0.124419 0.1818471 0.61306 0.083734 0.122188
7.863758 7.3566351 6.906132 4.866185 4.038277
3341616 13580541 3204845 1300719 323060.9
3.345725 6.4659611 5.674911 10.12839 9.553981
1.18E-06 1.91E-061 2.54E-06 3.96E-06 3.33E-06

5.12E+08 1.93E+081 4.85E+08 1.92E+08 49101503
279.7875 2675.817 1554.838 914.8293 3544.352
18080.09 318733.1 96280.32 224157.1 911072.8
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Table 1 Rev A
Tank Release Concentration grams/liter for radionuclides

I __I I _

release concentration grams/liter I I
IWSS 2WSS I1ESS 2ESS 14ESS

Ac-225 4.07E-19 3.92E-19 1.98E-18 5.4E-17 3.6E-18
Ac-227 9.8E-13 4.66E-13 2.33E-12 3E-ilI 2.82E-13
Am-241 9.02E-06 2.91E-05 5.53E-05 0.005259 0.000132
Am-242 4.56E-12 1.91E-11 4.46E-11 3.47E-09 7.94E-11
Am-242m 3.79E-09 1.59E-08 3.71E-08 2.88E-06 6.6E-081
Am-243 6.99E-08 3.11E-07 9.16E-07 8.16E-05 1.16E-06
At-217 1.47E-26 1.41E-26 7.13E-26 1.95E-24 1.3E-25
Ba-137m 2.15E-11 5.56E-11 1.26E-10 3.28E-10 1.87E-11
Bi-210 1.66E-21 7.4E-22 2.06E-21 7.91E-20 1.67E-21
BI-211 1.7E-19 8.06E-20 4.03E-19 5.18E-18 4.88E-20
Bi-212 0 0 0 0 0
Bi-213 1.71E-18 1.65E-18 8.32E-18 2.27E-16 1.51E-17
Bi-214 1.89E-23 9.02E-24 2.25E-23 9.43E-22 2.63E-23
C-14 6.01E-061 6E-06 5.39E-051 0.000464 2.07E-05
Cm-242 9.21E-12 3.85E-11 9.01E-11 7.01E-09 1.6E-10
Cm-244 5.45E-10 2.34E-09 l.18E-08 9.23E-07 6.56E-09
Cm-245 1.65E-11 8.02E-11 4.24E-10 3.32E-08 2.36E-10
Cs-135 0.000246 0.000467 0.000873 0.001955 0.000136
Cs-137 0.000141 0.000365 0.000825 0.002154 0.000123
Fr-221 1.33E-22 1.29E-22 6.49E-22 1.77E-20 1.18E-21
Fr-223 2.53E-20 1.2E-20 6.02E-20 7.74E-19 7.29E-21
1-129 0.000404 0.000602 0.003018 0.014443 0.000218
Nb-93m 4.44E-09 2.03E-08 2.69E-08 2.15E-06 4.21E-07
Ni-59 0 0.000167 0.000785 0 0
Ni-63 1.59E-06 6.54E-06 1.72E-05 0.001394 0.000137
Np-237 0.000161 0.000124 0.001342 0.000668 4.69E-05
Np-238 6.76E-16 2.83E-15 6.62E-15 5.15E-13 1.18E-14
Np-239 5.99E-14 2.67E-13 7.86E-13 7E-11 9.91E-13
Pa-231 2.79E-09 1.23E-09 6.16E-091 9.98E-08 9.94E-10
Pa-233 5.46E-12 4.2E-12 4.56E-11 2.27E-11 1.59E-12
Pa-234 1.89E-13 4.11E-14 2.5E-13 7.24E-12 9.77E-14
Pa-234m 3.43E-15 7.46E-16 4.53E-15 1.31E-13 1.77E-15
Pb-209 5.14E-19 4.96E-19 2.5E-18 6.83E-17 4.55E-18
Pb-210 2.69E-18 1.2E-18 3.34E-18 1.28E-16 2.71E-18
Pb-211 2.87E-18 1.36E-18 6.82E-18 8.77E-17 8.25E-19
Pb-212 0 0 0 0 0
Pb-214 2.54E-23 1.21E-23 3.02E-23 1.27E-21 3.54E-23
Pd-107 0.000241 0.000358 0.001836 0.009948 0.00014
Po-210 4.58E-20 2.04E-20 5.68E-20 2.18E-18 4.61E-20
Po-211 J 1.86E-24 8.84E-25 4.42E-24 5.69E-23 5.35E-25
Po-212 0 0 0 0 0
Po-213 1.83E-30 1.77E-30 8.92E-30 2.43E-28 1.62E-29
Po-214 2.58E-301 1.23E-30 3.08E-30 1.29E-28 3.61E-30
Po-215 I 2.4E-241 1.14E-241 5.71E-241 7.34E-23 6.91E-25
Po-216 j 0 0 0 0 0
Po-218 I 2.94E-241 1.4E-241 3.5E-241 1.47E-22 4.1E-24

Cor c -

A I en

Page 5

2/27/45



Table 1 Rev A
Tank Release Concentration grams/liter for radionuclides

Pu-238 I1.68E-071 1.37E-07 2.06E-071 1.62E-05 9.63E-07
Pu-239 0.0005581 0.0,00556 0.001084 0.132349 0.006625
Pu-240 2.93E-05 3.28E-05 6.92E-05 0.009054 0.000451
Pu-241 5.21E-07 4.882-07 1.56E-06 0.000179 7.922-06
Pu-242 4.62E-11 1.93E-10 4.52E-10 3.51E-08 8.04E-10
Ra-223 1.38E-15 6.582-16 3.29E-15 4.23E-14 3.98E-16
Ra-224 0 0 0 0 0
Ra-225 6.02E-19 5.81E-19 2.93E-18 7.99E-17 5.332-18
R2-226 8.42E-16 4.02E-16 1E-15 4.21E-14 1.182-15
Ra-228 01 0 01 0 0
Rh-106 2.36E-22 3.78E-20 4.43E-19 3.82E-17 8.23E-18
Rn-219 5.45E-21 2.59E-21 1.3E-20 1.67E-19 1.572-21
Rn-220 0 0 0 0 0
Rn-222 5AE-21 2.58E-21 6.44E-21 2.72-19 7.54E-21
Ru-106 2.51E-16 4.02E-14 4.72-13 4.06E-11 8.75E-12
Sb-126 1.3-12 2.21E-12 1.53E-12 2.33E-10 3.17E-11
Sb-126m 9.88E-15 1.68E-14 1.16E-14 1.772-12 2.41E-13
Se-79 1.91-051 2.85E-05 0.000143 0.000647 1.01E-05
Sm-151 3.35E-05 5.7E-05 4.08E-05 0.005526 0.000715
Sn-126 2.74E-05 4.65E-05 3.23E-05 0.004911 0.000668
Sr-90 0.000149 0.000824 0.001153 0.049683 0.010156
Tc-99 0.002744 0.004094 0.020442 0.093537 0.001445
Th-227 2.28E-15 1.08E-15 5.41 -15 6.96E-14 6.55E-16
Th-228 0 0 0. 0 0
Th-229 1.112-13 1.07E-13 5.42E-13 1.48E- 1 9.86E-13
Th-230 6.12-12 3.08E-12 7.08E-12 3.122-10 1.13E-11
Th-231 1.87E-11 4.39E-12 2A9E-11 7AIE-10 9.71E-12
Th-232 2.3E-15 2.572-15 5.42E-15 7.092-13 3.53E-14
Th-234 1.02E-10 2.222-11 1.34E-10 3.92-09 5.26E-11
TI-207 3.72E-19 1.77E-19 8.84E-19 1.14E-17 1.07E-19
TI-208 0 0 0 0 0
TI-209 1.25E-24 1.2E-24 6.07E-24 1.65E-22 1.12-23
U-233 1.7E-09 1.44E-09 1.17E-08 1.172-07 9E-09
U-234 1.08E-07 5.822-08 1.32E-07 6.79E-06 2.97E-07
U-235 0.045741 0.010745 0.061045 1.814957 0.023784
U-236 4.58E-08 5.12E-08 1.08E-07 1.41E-05 7.03E-07
U-237 1.61E-14 1.51E-14 4.84E-14 5.53-12 2.45E-13
U-238 7.003571 1.523161 9.240486 267.9629 3.614835
Y-90 3.83E-06 2.122-05 2.96E-05 0.001277 0.000261
Zr-93 0.000247 0.0025221 0.0018341 0.312777 0.067073
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Table 2 -1
Chemical Release Concentrations Nonradioactive Chemicals for

Single Shell Tanks

solubility grams/liter
Chemical 1WSS 2WSS | ESS 2ESS 4ESS

Ag(1) 5.63E.10 S.112-10 3.80E-09 1.24E-08 1.97E-10
A[(1) 4.55E+00 8.75E+00 1.53E+01 5.37E+02 1.94E+00
AI+3 9.752-01 5.73E+00 1.13E+01 8.06E+02 1.87E+00
A02- 6.23E+00 8.47E+00 1.37E+01 1.05E+02 1.34E+00
Ba+2(1) 4.91E-04 1.34-03 1.951-03 1.52-01 1.40E-02
Bl+3 2.28E+00 2.21-03 1.79E+00 8.27E-01
C2H303 (1) 7.282-02 2.25E-02 6.15-03 1.65-01 2.19-01
C6H507 (1) 7.47E+00 5.21E+00 2.33E+01 1.53E+02 1.79E+00
C03-2 9.68E+00 1.27E+00 1.22E+01 8.62E+01 2.80E+00
Ca+2 2.72E-03 4.60E-02 1.04E+00| 9.16E+01 1.13E-01
Cd+2 (2) |
Ce+3 1.59E+00 2.502-01 1.68E+00 3.67-01 1.29E-01
Cl. 3.00&-01 4.28&.02 2.40-01 5.58&-02 4.44-03
Cr+3 1.73E.02 6.592-01 1.38-02 2.30-01 6.07E-02
CrO4-2 4.28-03 1.63-01 3.42E03 5.69-02 1.50-02
EDTA(1) 5.582-01 1.73&-01 4.71-02 1.27E+00 1.67E+00
F- 1.97E+00 2.38&-01 4.42E+00 5.56E+02 2.27E-02
Fe+3 2.33E+00 6.47&-01 2.70E+00 7.72E+01 1.31E+01
Fe(CN)6-4 3.00-02 1.082-02 4.72E+00 9.73E+01 3.90E-03
HEDTA(1) 1.01E+00 3.14-01 9.41-02 2.30E+00 3.04E+00
Hg+ (2)
K+ (1) 6.85E-02 2.00-01 5.50-01| 2.56&-01 3.33E-02
La+ (1) 2.03E-02 | 7.60-03 _

Mn+4 2.87-01 8.92E-02 2.49E-01 7.12E+01 1.73E+00
Na+ 1.99E+02 1.672+02 2.20E+02 2.92E+03 2.78E+02
tNi+2 6.88E-02 2.64-02 2.37E+00 6.12E+01 7.31E-02
N02- 2.41E+01 6.33E+00 3.92E+01 6.59E-01 1.71E+01
N03- 3.60E+02 3.60E+02 3.60E+02 3.60E+02 3.60E+02
OH- 6.20E+00 1.82E+01 1.98E+01 1.97E+03 1.28E+01
P04-3 3.66E+01 8.70-01 3.44E+01 4.14E+01 6.34E-02
Pb(1) 3.22E-02 3.06-02 8.04E+00 9.48E+00 7.602-03
S103- 7.67E+00 1.90E+00 7.68E+00 9.83&-01 1.54E-01
Sn (1) _ _ | 1.02E-04
S04-2 8.68E+00 00 1.05E+01 1.86E+02 6.15E+00
Sr+2f 1.28&.05 5.52-04] 6.82&-01 3.52-02| 4.25E-03
W+4 (2) __ | _

Zr+4 1.92E-01 1.83E-01I 1.24E-011 2.82E+02 9.41E-03



SST RETRIEVAL LEAK ESTIMATES

TANK GROUP 1WSS 2WSS 1ESS 2ESS 4ESS
NO. TANKS 40 43 40 16 10
RETRIEVAL LEAK VOLUME (LITERS) 605600 651020 605600 242240 151400
RETRIEVAL LEAK RATE (LITERSNR) 40373 43401 40373 16149 10093

SST RETRIEVAL OPERATIONS =15 YRS MIN PRETREAT AND TPA
SST RETRIEVAL PERIOD 2003/2018 1 _ _
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Specific Acvtfyt

=

Speomo ActMty

a

Atomic
WIeght )

3
7

11
1
14
is
18
92
24
Be
85
36
41
42
45
45
51
54
65
56
67
50
5
60
63
64
65
65
72
76
79
92
as
89
0
0

92
92
as
03
95
09
so
99
99
103
106

Pce I

g~~~~~~ 4;dW 8 5V97:11 SB-7 -Z !JLM J8!0c3eIai X0N X :XG 1W'S

5 Pr&~ i,-

I2/l&

H-3
86.7
C-1 I
N-IS
0-14
N-18
F.18
Na-22
Na-24
P-2
6-35
01-36
Ar-41
K-42
Ca-46
50-46
Cr-SI
Mn-4
FO-5
Mn-56
0o-7
Ni-S9
Fe-W
C0-40
NI-6S
Cu-44
Zn-6O
NI-S
Ga-72
As-7E
S-72
Br-82
Rb-R8
Sr-49
Sr-90
Y-0
Y-92
Sr-2
Nb-Om
Zr-93
Zr-96
Nb-GS
Mo-sO
Tc-99m
TO-99
Ru-10
RU-1 06

9 #-'0.4MVK dYD ON3 SGOOVr gME18609

Hlalf-Life, (T Units
1.24E+01 y

a.440 d
20.380 In

9.070 m
5.732+03 y
7.20E+00 a

1.829 In
2.601+00 y

15.000 h
149200 d
87.440 d

3.01E+05 y
1.627 h

51.500 d
163.000 d
B5.550 d
27.704 d

312800 d
2.70E+00 y

2.579 h
270.000 d

7.50E+04 y
44.529 d

5.27E+00 y
1.00E+02 y

12.701 h
243,900 d

2.520 h
14.100 h
28.320 h

6.50E+04 y
3S.300 h
18.660 d
80.500 d

2.86E+01 y
64100 h
8.540 h
2.710 11

1.4201 y
1.53E+06 y

03.980 d
38.150 d
6.000 h
8.020 h

2.13E+05 y
89.280 d

368.200 d

%672+02

3.10E+07
5.36E+07
1.65E-011
2.62E+02
.502+04

2.31E+02
320E+03
1.06E+04
158E+03
1.22-03
1.64E+04
223E+03
6.58E+02
12SE+03
3.422+03
1.6 E402
8.905401
7.99E+08
12E+02
2.99E-09
1.84E+03
4.118E+01
2,10E+00
1,42E*0S
&04E+02
7.04E+08
1,14E+03
5.77E+02
2.57503
.9E+02

m.o1E+03
1.07E+03
6.13E+00
2.00E402
S.64E+0
4.63E+08
9.73E+00
9.292-0S
7.94E+02
1462+03
1,77E+02
1.94E+03
6.27-04
1,10+03
1.245+02

964E+03
S.4DE+06
8.38E+06
1.45E449
4.4E+00
0.7*1E+10
8.47E+08
6.24E+02
8.S$E+04
2.85E+05
4.26E+04

.30-02
4.16E+0
6.03E+04
1.78E+04
3.38E+04
9.23E+04
7.73E+03
2.41E+03
2.16E+05
8.45E+03
8.07E-02
4.97E+04
1.121+03
5.88E+01
3.84E+04
8.23E1+03
1.90E+05
3.07E+04
1.56E+04
8.962-02
1.08E+04
8.ISE.4
2.90E+04
1.S0E+02
6.41E+03
0.81E+04
1.26E+05
2.43E+O2
ui .E-os

2.152+04
S.91E+04
4.77E+03
5.23E+04
1.091502
.22E+04

3.34E+03

Dcy Constant
(Mar day)

1.54F-04
1.90E-02

4.90E+01
1.OOE.02
1 1E-07
8.S2f+03
9.10E+00
7.202-04
1.11E+00
4,145E02
7.93E-03
8.30&-9
9.11E+00
1.35&02
4.25E-03
8.27-03
2.50E-02
2.22-03
7.03E-04
5.45E+00
2.56E03
2.53E-08
1.566E-02
3.60-04
1.9055
1.81E+00
2.84-03
6.60E+00
1.18E*00
6.32E-01
2.92E-08
4.71 E-01
3.71E-02
1.37E-02
6.64E-05
2.60&01
4.70E+00
6.14E+00
1.30E-04
1.24E-09
1.06-02
1.97E.02
2.52-01
2.76E+00

.91&E09
1.76E-02
1.8&03
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Spaefm Activity Spnct Activity
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Atomic
Wbcht (A)

106
107
110
110
123
126
126
126
128
120
131
132
192
133
133
13
133
134
135
135
136
138
137
137
140
140
141
143
143
143
144
147
151
154
11
182
188
192
10
199
203
204
207
208
209
209
210

Isotope

Rh-106
Pd-107
Aq-110m
Ag-110
1.123
-126
Sb-128
Gb-120m
Sn-12
1-120
1-191
To-1 32
1-192
Ua-133
Xe-I3
-133S

TO-1 33
CO-134
-13S
Ba-issm
Ca-lBS
CS-186
Co-137
2an137m
Sa-140
La- 40
Go-141
C.-144
Pr-143
00-143
Pr-144
Pm-1 47
Sm-1 51
Eu-154
TQ-181
Ta-182
W-1s
Ir-192
Au-98
AU-199
Hg-203
TI-204
TI-207
TI-28B
Pb-209
TI-209
Pb-210

Half-Life () Unhis

2.9E+01 S
8.60E+06 y

240.900 d
2.46E+01 a

13200 h
60.140 4d
12.400 d
10.000 m

1.00E+05 y
1.57E+47 y

8,040 d
78.200 h

2.900 h
1.05M+01 y

5.246 d
20.600 h
12.460 m

2.062+00 y
6.610 h

28.700 h
2.30E+06 y

13,100 d
S.02E+01 y

2.552 m
12.740 d
40.272 h
32.501 d

284,800 d
13.580 d
33.000 h
17.280 mn

2,02E+00 y
0.005+01 y

8.590 y
121.200 d
115,000 d
79.100 d
74.020 d

2.6096 d
3.139 d

40.000 d
3.78E+00 y

4.770 m
.053 m

3258 h
2.200 m

2.23E+01 y

(TWOl) -
1.31E+06
1.00-05

1.78E+02
1.M54408
7.11E02
6.42E402
100E+03
2.0E406
1.065-03
6.52E-06
4.69E+03
1.125+02
S.8 0+03
0.40E-tOO
0.92E+03
4.17E402
420E408
4.78E+01
129E403
2.98E402
42E.085
2.71E+D 
S20E+00
1.99E407
2.71E403
2.05E402
1.05E403
1.19E+02
2.49E403
2.44E+02
2.79E+08
343E+01
0.72E.01
9.99E+00
2.20E+02
2.31E+02
9.47E+02

.40E+02
9,04E+03
7.78E+03
6.10E+02
1.71E+01
7.04E+O6
1.09E+07
1.70E+03
1.61 E+07
2.83E+00

(CV)
.55E+08

6.14E-04
475E+03
4.17E+00
i.02E+04
1.74E+04
.S2E+04

7.869+07
2.83-02
1.76E-04
1.24E+05

02.E+03
1.0SE+08
2.50E+02
1.87E+05
1.13M+04
1.1$E+08
1205+03
2.49E+04
8.05E+03
1.15E-OS
7.32E404
8.64E+01
5.37E+06
7.31 E+04
6.35+03
2.85E+04
3.21E+03
6.73E04
6.61E+03
7.66E+07
o0.5+02
2.63E+01
2.70E+02
5.0.+09
6.23E+03
0.E+02
9.1E+08
2.44s+09
2.09E+05
1.35E+04
4.eSE+02
1.0E+o0
2.965E+08
4.6E+04
4.09E+08
7.64E+01

Decay Constant
(par dly)

2.00E+03
2.02E-10
2.77E.03.
2.4-594-03
I.2E+()O
1.i5E.02
6.59E-02
526.g+01
1.205.08
1.21 E-10
8.62E-02
2.iGE-0I
7.2E+00
1.81E-04
1.82E-01
8.00E-01

8.02E+01
9.20E-04
2.52E+00
5.80E-01
8.25E-10
5.29E-02
6.29E-06
3.915+02
5.445-02
4.13E-01
2.13E-02
2.44E-03
5.11E-02
5.04E-01
5.78E+01
729-04
2.11 E-05
2.21E-04
5.72E-03
6.03E-08
O.2E-02
9.36E-08
2.57E-01
2.21E-Ol
1.4E-02
5.02E-04
2.09E+02
327E+02
5.115+00
4.64E+02
8.M5E-05
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HaN-Life (T) Unks SpecIf Aclvty
aioi

Specific ActMty
(ova)

Atomic
WIeht (A)

210
210
211
211
all
212
212
212
218
218
214
214
214
215
216
217
218
219
220
221
222
223
223
224
=6
225
226
227
227
228
228
228
22
230
231
231
222
2w*
233
233
2m
234
234
234
234
286
236

Isotope

E1-210
PO-210
E1-411
Pb-211
Po-211
PC-212
9-212
Pb-212
B9-213
PO-21e
51-214
Pb-214
Po-214
PO-215
PO-216
AI-217
PO-218
Rn-a1 9
Rn-22l
Fr-221
Rn-222
Fr.-22
Ra-223
R-224
AO-225
Ra-225
Ra-226
Th-227
AO-227
RA-228
Th-228
Ac-228
Th-229
Th-230
Th.231
Pa-431
Th-l22
U-982
U-23
Pa-2S3
Th-233
U-284
Th-234
Pa-234
Pa-234m
U-236'
U-236

Page 3
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5.012 d
138.378 d

t.Iso m
20.100 in

5.16E-01 a
2.09E-07 a

1,009 h
10.640 h
46.650 m

4.20E-06 s
19.000 m
20.800 m

1.84E-04 a
1.75-03 a
I AE-01 a
32SE-02 a

8.060 m
0."E+90 a
5.56E+01 a

4.800 m
9.824 d

21.800 m
11,434 d

8.620 d
10.000 d
14.800 d

1.60E+03 y
18.718 d

2.18E+01 Y
5.7E+00 y
1.91E+00 y

6.130 h
7.94E+02 y
7.70E+04 y

2S.520 h
3.28E+04 y
1.41G+10 y
7.20E+01 y
1.09E+06 y

27.000 d
22.300 m

2.45E+05 y
94.100 d

6.700 h
1.170 m

7.04E+08 y
2.34E+07 y

4.5E403
.65E402

1.85E07
9.12E405
3,82E+09
6.006+15
6,39E+03
5.11*02
7.16E+05
4.604214
1.62E408
1.215E00
1.19E+13
1.09E+12
1,32E+10
5.95E+10
1.06E+07
4.51E+05
8.41E+07
8.55E+0 B
5.60E+03
1.4WE+06
1,6E+03
5.95E+03
2.15E403
1.45E+03
S.05E02
1.14E+03
2.67E+00
I.01E01
3.03E+01
828E+02
7.86E.03
7.46E-04
1.96E+02
1.7E-03
4.08 609
7.91 E-01

.57E-04
7.07E402
i.34E+06
2.1 E04
8.56E 02
7.36E+02
2.84E+07
7.99-08
2.398 -0

124E+05
4.40E402
4.10E+08
2.47E407
1,04E+11
1.78E+17
1,46E+05
I.tSE+04
1.35E+07
1.26E+16
4.41E+07
&.28E+07
S22E+14
2.95E+13
&.7E+11
1.61E+12
9.83E+08
1.30E+10
9.21E+06
1.775+08
1.54E+06
3.86E+07
5.12E+04
1.61E+05
9.80E+04
3.92E+04
1.82-01
3.07E+04
7.23E+01
2.72E+02
8.19E+02
2.23E+04
2.12E-01
2.02E-02
9.29E.42
4.72-02
1.10E-07

2.14E+01
0.64-03
2.07E+04
3.62E+07
6.24E-03
2.31E+04
1.OOE+04
O.8E+08
2.163.06
.48-05

Decay Conutant
(nor dny)

I.SSE-01
6.016-03
4.69E+02
2.78E+01
1.16E+06
2.01 E+1iI
1*.SE+01
i.56E+00
2.195+401
I.43E+10
6.02E+01
3.72E+01
S.86E+08
&.37E+07
4.10E405
1.N5E406
3,27E+02
1.51E+04
I.08E+03
2,05E+02
1.81-01
4,56E+01
8.08E-02
1.91 5-01
0.03-02
4.682-02
12.1C06
3.70E-02
8.72E-05
S.0E-04
0.92E04
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ABSTRACT

This report provides information that supports the U.S. Devarment of Energy Discharge

Permit No. ST-4500 from the Stare of Washington issued under the auspices of Washington

Administrative Code 173-216. The report has two functions: (1) summarize the results of a

mult-year characterization of the hydrogeology, sediment properties, and groundwater quality of the

discharge site and (2) provide plans for evaluating the effects of the facility's operation on

groundwater quality and document its compliance with applicable groundwater quality standards.

This report consists of the pre-operational groundwater monitoring report and the

groundwater monitoring plan. - The groundwater monitoring plan includes a tritium tracking plan and

a plan for updating and maintaining' computer-encoded numerical models for predicting groundwater

flow and tritium transport. A separate submittal will be prepared to comply with the effluent samoling

requirements of permit Sections S5 and 56 for the Liquid Effluent Retention Facility.

Four boreholes were drilled to define the stratigraphy, evaluate sediment characteristics, and

establish a groundwater monitoring network for the discharge facility. Three of these boreholes were

completed as groundwater monitoring wells and are being used to monitor groundwater quality in the

uppermost aquifer upgradient and downgradient from the discharge faciliy. This report contains

plans for continuing the monitoring of groundwater quality and water levels after treated wastewater

discharges to the facility begin.
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1.0 INTRODUCTION

This groundwater monitoring plan provides information supporting the U.S. Department of
Energy's (DOE). Richland Operadions Office (RL) state wastewater Discharge Permit No. ST-4500
issued by the Washington State Depatnent of Ecology (Ecology) in accordance with RCW 90.48.
With permission from EcologNI, RL will operate a facility designed to discharge wastewater from the
200 Areas Effluent Treatment (Facility (ETF) to the soil column north gfjbe 200 West Area
(Figure 1-1). The site for tntreared effluent feeli 4 - was chosen based on a
selection process described by Koegler (1990). . - [

This report has two functions: (1) summarize results of a multi-year study to characterize the 1 :.4

hydrogeology, sediment properties, and groundwater quality beneath the proposed ED?-sfite and
(2) provide plans to evaluate the effects oft4 faciliwy's operation on groundwater quality to confirm
compliance with the groundwater quality standards of Washington Administrative Code
(WAC) 173-200-080(2).

This report consists of the pre-operational groundwater monitoring report and the groundwater
monitoring plan. The groundwater monitoring plan includes a tritium cracking plan and a plan for
updating and maintaining computer-encoded models for predicting groundwater flow and tritium
transport. A separate submittal was prepared to comply with the effluent sampling requirements of
permit Sections 55 and 56 for the Liquid Effluent Retention Facility (LERF).

1.1 DESCRIPTION OF CONTENTS

Chapter 1.0 describes the purpose of the report. The information in Chapter 2.0 establishes a
water-quality baseline for the facility and is the pre-operational groundwater monitoring report.
Chapter 2.0 also includes. summaries of the results of predictive modeling of the groundwater flow
environment (Golder Associates 1990, 1991; Connelly et al. 1992; Lu et al. 1993), and summarizes
information previously reported by Delaney and Harris (1991), Reidel and Thorton (1993), and
Swanson (1994b). The following information is included in Chapter 2.0:

* Facility description
* Well locations, construction, and development data
- Geologic and hydrologic description of the site and affected area
* Ambient groundwater quality and current use
* Water balance information
* Hydrologic parameters
* Pocentiometric map, hydraulic gradients, and flow velocities
* Results of hydraulic tests .
* Groundwater and sediment sampling and chemical analysis data
* Statistical evaluation of backgroundvAlues for groundwater chemistry
- Projected effects. of facility operation on groundwater flow and water quality.

1-I
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Chanter 3.0 defines, based on the information in Chapter 2.0, howeffects of facility operation

e 6: ea~ fl be evaluated and how compliance with groundwater quality standards will be
documented in accordance with the terms and conditions of the permit. Chapter 3.0 provides
information needed to demonstrate that the monitoring wells were properly located and constructed,
and that representative groundwater samples will be collected to document the status of facility

compliance with groundwater quality laws and the operating permit conditions. Chapter 3.0 obntains
the following information:

" Media to be monitored

* Wells monitored for compliance in the uppermost aquifer

* Basis for monitoring well network and evidence of monitoring adequacy

* Specification of constituents to be sampled and analyzed

* Specification of groundwater sampling and analysis procedures that will be used

* Tritium tracking plan

* Plans for updating and maintaining numerical models to predict groundwater flow and
tritiun transport.

Chapter 4.0 provides information on how the monitoring results will be reported and the
monitoring and reporting schedules. Chapter 5.0 lists all references cited in this monitoring plan.
These references shtid be.consulted for additional or more detailed information. Appendices A
through D consist orwaveevel measurementsand background soils and groundwater chemistry data
from the three site characterization/monitoring wells drilled adjacent to the disposal facility.
Appendix E provides well logs for the Tritium-Tracking Network.

1.2 OBJECTIVES OF FACILITY

The -TB -was located, designed, and constructed to provide a means to dispose of treated
wastewater from the ETF and water drawn from the ETF cooling tower (i.e., "blowdown" water) to
maintain a consistent chemistry of cooling tower water. Because no viable means have yet been
'found to remove tritium from water, the :A::d -2...vta:L rischargqd will contain
tritium.

Assuming a 72% operating efficiency for the ETF (Crane 1993), tritium is projected to be
present in treated effluent at an average annualized concentration of 5.6E+06 pC/L. Expected
concentration at a 90% confidence interval will be 6.3E+06 pCi!/L; maximum concentration will be
2.4E+07 pCl/L (DOE-RL 1993). The maximum concentration would occur only if liquids from a
relatively small number of double-shell tanks (DST) with high tritium concentrations were
immediately processed through the 242-A Evaporator and the ETF without simultaneous throughput

12 from other tanks.

At the expected effluent volumes, concentrations. and operating efficiency, maximum annual
discharge of tritium from the ETF is projected to be - 1.200 Ci/yr. At tte 90% confidence interval.
maximum annual discharge of tritium would be - 1.350 Ci/yr. During the expected 30-yr operating

1-3
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life of the facility (Crane 1993), as much as 3,000 to 3,300 Ci of tritium may be discharged to the
soil column. d

The location and design of the were based on a selection process and criteria originally
described by Koegler (1990) and subsequently summarized by Brown (1993). The major factor in
selecdingph .' was to maximize the travel time of tritium (half-life 12.3 yr) to the

Columbia River. A covered design was chosen to protect wildlife and minimize evaporation. Unlike
past wastewater disposal facilities at the Hanford Site, thej=DF will receive no untreated effluents or
sanitary system water; all wastewater routed to the facili for disposal will have been processed by
the ETF as needed to comply with water quality standards.

1.3 SCOPE OF FACILITY

The flDF consisrsts( (1) a pipeline and transfer pumps that will transport treated wastewater
from effluent quality-verification tanks at the ETF and (2) a "crib" that facilitates infiltration of the
treated effluent into the soil (Figure 1-1). (A crib is defined for purposes of this report as a covered
drain field constructed below grade).
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2.0 BACKGROUND INFORMATION

This chapter outlines the relationship of the-iaft& related facilities, describes the3 .
and summarizes hydrogeologic information from Swanson (1994b) and Reidel and Torton ( 993i.
Chapter 2.0 also provides a brief synopsis of the-predicted effects of -EF, padnon groundwater
flow in the vadose zone and the uppermost aquifer (Golder Associates 1990, 1991; Lu er al. 1993),
and water quality in the uppermost aquifer. The information in Chapter 2.0 corresponds to that
required by permit Section S7.A. This information is used to assess current groundwater quality and
is the basis for the groundwater monitoring plan in Chapter 3.0.

2.1 RELATIONSHIP OF FACILITIES

All wastewater discharged to the EDwill be from the ETF. Effluent to be treated by the
ETF will consist of vapor condensate from DST liquids piped to the 242-A Evaporator (Figure 1-1)
for volume reduction. If other aqueous wastes from the 200 Areas require treatment by the ETF to
comply with discharge limits assigned b Ecology, future permission may be sought for discharge of
those treated wastewaters

As part of current 242-A Evaporator operations, the vapor condensate is filtered to remove
particulates and is then passed through an ion-exchange column to remove radionuclides before being
transferred to the LERF for temporary storage in covered impoundments (Figure 1-1). The process
concentrate from the 242-A Evaporator is in the form of a slurry. The slurry is designated an
extremely hazardous mixed waste and is returned to the DSTs for storage pending further treatment.

The ETF receives vapor condensates containing radionuclides and organic and inorganic
constituents either directly from the 242-A Evaporator or from LERF storage. Because the ETF
design incorporates a large ion-exchange unit, the ion-exchange column of the 242-A Evaporator is
bypassed when the process condensates are being pumped directly to the ETF, to allow more rapid
processing of the DST feed streams.

Wastewater discharged from the ET to the e is bet subjected to the best, available
treatment, considering all known, available, and reasonable methods of prevention, control, and
treatment. ETF operations employ, as appropriate for the specific waste streams, coarse filtration,
ultraviolet/hydrogen peroxide oxidation, pH adjustment, hydrogen peroxide decomposition, fine
filtration,. degasification, reverse osmosis, ion exchange, additional pH adjustment, analytical
verification, and cooling of the treated wastewater (DOE-RL 1993).

2.2 FACILITY DESCRIPTION

ThD1is designed to infiltrate wastewater treated by the ETF into the soil column.
The,4:FE s located - 183 m (600 ft) north of the 200 West Area boundary, and is -3.7 kn
(5.9 mi) west of the ETF (Figure 2-1). A 6-in. pipeline and transfer pumps transport the treated
effluent and cooling tower blowdown from the ETF to the FEDf.

2-1
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Figure 2-1. Location of Disposal Facility.
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At the design capacity of th ETF (Crane 1993), 568 L/min (150 gal/min) of treated water 4
and 83 L/min (22 gal/mi ) of coo - g tower blowdown may be discharged to the soil colurn.sh*-5

-4DW~ The design capacity of the - as based on these projected discharge rates andlg
estimated infiltration capacity of 400 L/d/mi (10 gal/d/ft') (Westinghouse Hanford Company [WHCJ)
(WHC 1990). Based on these design parameters, 2,000 m (22,000 ft) of infiltration surface was
deemed to be needed.

As shown in Figure 2-2, thefflSF is approximately 35 m (116 ft) wide by 61 m (200 ft)
long. Treated effluent is delivered to the crib via a 20-cm- (8-in.-) diameter distribution header.
The treated effluent is evenly spread over the surface of the crib via 66 perforated distribution laterals
made of 10-cm (4-in) diameter pipes buried 15 cm (6 in) below grade and spaced 1.8 m (6 ft) apart.

The distribution laterals drain into a 1.8-m- (6-ft-) deep bed of washed cobbles that, in turn,
drain into the soil column. The distribution header, laterals, and drain rock are covered by an
impermeable membrane protected on its top and bottom sides by georextile fabric (Figure 2-3).
The rock-filled drainage basin was constructed entirely below grade. The ground surface was
mounded slightly to promote surface runoff.

2.3 RESULTS FROM SUBSURFACE BASELINE CHARACTERIZATION

Section 2.3 summarizes current knowledge of the geology, soil chemistry, hydrology, and
current groundwater quality at theaHBP ite (Swanson 1994b; Reidel and Thorton 1993).
Section 2.3 also summarizes hydrogeologic modeling of the 200 West Area and vicinity
(Connel y et al. 1992), an analysis of treated effluent movement through the vadose zone beneath the
TE-DP (Lu et al. 1993), and prediction of tritium migration in the uppermost aquifer that will result
from discharges to the facility (Golder Associates 1991).

Information is'Frvided on the location, use, and construction of all known wells within
1.6 kim (1 mi) of the*E-fP. Details of the drilling, construction, development, and aquifer testing{ I
for the three wells adjacent to the facility that will be used for permit-compliance monitormg'.,

DpOVlC oy Iweenev .993} inally, this section summarizes of chemical analyses of
\-si4Ab;7n, sediments. ronm-e three we. that. were reported in det44*(WHC [1993).

2.3.1 Groundwater Monitoring/Site Characterization Wells

To derermine'TEBF-silstratigraphy" evaluate sediment characteristics, and establish a
groundwater monitoring network, four new oreholes were drilled (Figure 24). Borehole
699-48-77B was drilled to a depth of 18 m (-60 ft) and abandoned because of its substantial
deviation from ,plumb.. The three remaining boreholes are being used as groundwater monitoring
wells for the :di4* aciliy. Information on the locations of the three wells is provided in
Table 2-1. Details of well construction ind dii7elopmenii are provided by Sweeney (1993). Wells
699-48-77A. 699-48-77C. and 699-48-77D were constructed and completed in compliance with
requirements of the Resource Conservation and Recovery Act of 1976 (RCRA) to monitor the upper
part of the uppermost aquifer. The basis for the well locations and construction specifications is
discussed in Chapter 3.0.

2-3
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Figure 2-2. Plan
(simplified from as-bui

View of Disposal Facility Design.
t engineering drawing No. H-2088755)
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Figure 2-4. Site Characterization/Monitoring Wells for the Disposal Facility.
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Table 2-1. Location Data for Site Characterizadion/Groundwater Monitoring Wells.

Coordinates -_Elevadons

Borehole 200W (ft) Lamben Top of brass Hydrosmr Top of outer

I A]) '83(m) cap plate casine .

699-48-77A N:47602.7 N: 137969.02 672.25 674.74 674.72
W:77020.0 E:5664 13.57

699-48-77B N:47590.0 N:137965.15 671.73 N/A N/A
W:77013.3 E:566415.60

699-48-77C N:47989.32 N:138086.801 671.91 N/A 674.28
W:76836.16 E:566468.954

699-48-77D N:48096.14 N:138119.268 671.37 N/A 673.87
W:76952.88 E:566433.302

'Trademark of Insmnentation Northwest,
hMeasured on north side.
NAD = North American Datum.

Inc., Redmond, Washington:

P4 ..

Lithologic and hydrologic data Om other nearby wells were used to orpLement the
information acquired from the three new groundwater monitoring wells at the .These wells
include 20 wells upgradient from theI M4 t the Low-Level Waste Burial Grounds in the 200 West
Area (Figure 2-5). Wells south of the ality are sampled quarterly as part of the RCRA
groundwater monitoring program for the Hanford Site and are <600 m (<2,000 ft) south of the/--

-T.ZrT Information from these wells was used to help interpret the strarigraphy, geologic structure,
and groundwater hydrology in the vicinity of the TEDF site.

2.3.2 Geology

This section describes the geologic and straigraphic setting of the disposal facility, with
emphasis on the sediments overlying basalt.

The geology of the Hanford Site and the Pasco Basin has been characterized by Myers et al.
(1979), DOE (1988), Delaney et al. (1991), and Reidel et al. (1992). Lindsey el al. (1992) discussed

,he origin of the sediments overlying basalt bedrock and provided a detailed description of their
scratigraphic relationships. More recently, Lindsey's straigraphic nomenclature was modified by
Thorne et al. (1994), based on the hydraulic characteristics of the sediments. The geology of the

*disposal facility and vicinity 4described by Lindsey and Reidel (1992), Reidel and Thornton (1993),
ana Reidel (1993) Subsequent drilling of two additional characterization/groundwater-monitoring
wells at the facility allowed refinement by Swanson (1994b) of earlier.hydrogeologic interpretations.
The following sections summarize pertinent information from these reports.

2-7
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Figure 2-5. Locations of Geologic Cross Sections, Other Boreholes, and Monitoring Wells Near the
Disposal Facility.
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2.3.2.1 Hanford Site Geology. The Hanford Site lies within the Columbia Plateau. The Columbia

Plateau consists of a thick sequence of Miocene-age tholeiltic basalt flows called the Columbia River

Basalt Group (CRBG). These flows have been folded and faulted during the past 17 million years.

creating broad structural and topographic basins separated by asymmetric anticlinal ridges. Sediments

up to 518 m (1,700 ft) thick have accumulated over the CRBG in some of these basins. These

sediments are of late Miocene, Pliocene, and Pleistocene age. The Hanford Site is located within one

of the larger basins, the Pasco Basin. The Pasco Basin is bounded on the north by the Saddle

Mountains and on the south by Rattlesnake Mountain and the Rattlesnake Hills.

Principal stratigraphic units underlying the Hanford Site include, in ascending order, the

CRBG (Miocene), Ringold Formation (Miocene-Pliocene), Plio-Pleistocene unit and early "Palouse"

soil, and the Hanford formation (Pleistocene). A regionally-discontinuous veneer of recent alluvium.

colluvium, and/or eolian sediments overlies the principal geologic units. Figure 2-6 shows the
general stratigraphy of the Hanford Site. Figure 2-7 depicts stratigraphic relationships andro7ste

nomenclature o diments overlying basalt.

Sediments overlying the basalt at the disposal facility are the late Miocene-ro-Pliocene Ringold
Formation. ielatively thin and discontinuous sediments of Pliocene-Pleistocene age (which occur in
the western part of the Hanford Site), the Pleistocene-age Hanford formation, and surficial alluvium

and dune sand of Holocene age.

Sediments of the Ringold Formation are fluvio-lacustrine in origin and have been grouped
into units based on facies (Figure 2-7). The Ringold Formation is absent from portions of the
northeastern part of the Hanford Site, but is up to 185 m (-600 ft) thick in the west-central part
(Reidel et al. 1992). The dominant facies of the Ringold Formation are fluvial sand and gravel,
fine-grained sand, and silt and clay of stream overbank and lacustrine origin. Variable amouns of
CaCO, cementation occur in the Ringold Formation.

The Hanford formation consists of cataclysmic flood deposits of sand, gravel, and interbedded
silt which, in aggregate, are up to 110 m (-350 ft) thick. Hanford formation sediments typically are
less consolidated than Ringold Formation sediments and open-framework gravels are common

(Reidel et al. 1992). The Hanford formation is informally subdivided into three principal
facies: gravel-dominated (pebble to boulder clast sizes), sand-dominated and silty.

2.3.2.2 Geology of the DisposaVFacility Site. Interpretation of the geology.athe disposal site is

based on data gathered from the/ih&ee site-characzerizatiori/monitoring -mels, nearby wells drilled for
the RCRA and Operations groundwater monitoring networks, and older wells used for sitewide
monitoring. These data were evaluated in conjunction with published stratigraphic correlations
(e.g., Lindsey and Reidel 1992) to re -ht;hid:'&e'oedgznfzdae

Cross sections A-A' and B-B' (Figures 2-8 and 2-9) show stratigraphic relationships across
the 200 West Area and vicinity in nornh-south and east-west directions, respectively. The locations of
these cross sections are shown in Figure 2-5.

The stratigraphy in the immediate vicinity of the facility is illustratedby the lithologic log
from well 699-48-77A (Appendix A) and the cross section C-C' of Figure 2-10. The locations of
wells used to construct the cross sections ae shown in Figure 2-4. .-.

2-9
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Figure 2-6. Generaldzed Stratgraphy of the Hanford Site.
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Figure 2-7. Stradgraphic Relationships of Sediments Above Basalt at the Hanford Site.

(After Lindsey e: al. 1992)
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The surface of the upoermost flow of the CR3G beneath the facility, the Elephant Mountain
Member of the Saddle Mountains Formation, is present at approximately 132 m (433 ft) below

ground surface, and is at a depth of approximately '139 m (455 ft) in well 699-48-77A. Hence, the
surface of the basalt beneath the facility slopes to the south at approximately 3'.

The Ringold Formation sediments beneath the facility are those of unit A and unit E gravels,
and the sands/gravelly sands of the "upper Ringold" unit. The overall thickness of the Ringold
Formation at the facility is approximately 119 m (390 ft). Of this thickness, unit A comprises
approximately 40 m (130 ft); unit E approximately 74 m (242 ft); and the upper Ringold
approximately 5 m (17 ft). The location of the contac erwe.n qts and E is inferred by
projection from a well (299-W6-1) south of the facili h ingolwer mud sequence usual

.provides a reference horizon for separating units A E but is absent in the vicinity of itI .
Moreover, Ringold sediments identified as lower unit E may include sediments designated elsewhere
as unit C. Because of the similarities between units E and C and the type of drilling employed, the
two units were not differentiated at the facility site.

The Plio-Pleistocene and early Palouse soil collectively are a roximatelv 16 m (51 ft) thick
beneath the facili d are encountered ow surace m ( ' well 699-48-77D
Lj4 7Mm (22.5 f mdftly south Ahfacility in well 699-48-77A. The lio-Pleistocene unit is
noteworthy for its thin horizons of pedogenic .4abe eefand cementiflous carbonate separated by
carbonate-poor silt and sand. Lindsey and Reidel (1992) describe the Plio-Pleistocene and early
Palouse soil as occurring discontinuously throughout much of the 200 West Area, but the degree of
lateral continuity of carbonate-cemented horizons in the immediate vicinity of the facility is
problematic. All three site characterization/monitoring wells intercepted carbonate-cemented horizons
in the Plio-Pleistocene/early Palouse soil.

The Hanford formation is from 1.4 m (4.5 ft) to 6.4 m (21 ft) thick in the vicinity of the
4W ', but was largely removed from beneath the facility during drain field construction. This thin
occurrence of Hanford formation is dominated by sandy, silty gravel. Minor amounts of cementation
by unidentified minerals occur near the bottom of the unit. The Hanford formation is covered by
0.5 m (1.5 ft) of colian sand.

Most relatively small-scale structures in the basalt bedrock and Ringold Formation trend
roughly east-west, in accordance with the major structural features, such as the Gable Butte/Gable
Mountain anticline, the Cold Creek syncline, and the Yakima Ridge anticline. In the vicinity of the
facility, both the basalt and overlying Ringold sediments dip gently to the south.

2.3.3 Groundwater Hydrology Jtfd

This section summarize L e ors controlling groundwater
occurrence and movement within the uppermost aquifer beneath . The summary includes
information from earlier hydrologic investigations at the facility (B llantyne 1993; Reidel 1993; - .
Swanson 1994a). The hydrogeologic setting of the 200 West Area (immediately south of the facility)
is described by Connelly et al. (1992) and Ford and Trent (1994).
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Groundwater levels are currently measured quarterly in all three wells at the facility.
Quarterly measurements have been made since May 1994 in wells 699-48-77C and 699-48-77D, and
since June 1992 in well 699-48-77A. Water levels are measured annually in wells north, northwest,
and northeast of the facility as part of the side-wide groundwater surveillance program. Water levels
in wells monitored for RCRA and Operational programs in the 200 West Area (immediately south of
the facility) are measured at monthly to annual frequencies. Figures 2-5 and 3-4 show wells in the
vicinity of the facility that currently monitor groundwater for these programs or that are available for ta;- zi

-ddi-e -tftonitoring jw;to-~

2.3.3.1 Precipitation and Groundwater Recharge. Average annual precipitation at the Hanford
Site from 1961 to 1990 was 159 ri (6.26 in.) (Hoitink and Burk 1994). Of this total, only 5 to
10 mm (0.2 to 0.04 in.) are estimated to contribute to groundwater recharge in the vicinity of the ck59

.21lFa'er and Walters 1995).

2.3.3.2 Uppermost Aquifer. Data gathered from drilling and testing of the three site
characterization and monitoring wells show that groundwater moves primarily within Ringold units A
and E. The water table currently is at a depth of -66 m (-217 ft) below ground surface at the 400_-
facility. This depth coincides with a level approximately halfway through the Ringold unit E.
No identifiable confining layers occur at this location.

Hydrographs of the three wells (Figure 2-11) indicate that groundwater levels beneath the
facility have fallen gradually since monitoring began (June 1992). Between June 1992 and April 1995
the water level in well 699-48-77A fell 0 6 m (1.84 ft). The most recently available waer-level data
for the vicinity of the disposal facility illustrated in the potentiomerric surface map. Groundwater
flow directions at the facility are generally north to northeast (see Section 2.3.3.4). Appendix A lists
water levels measured in the three wells since their monitoring began.

2.3.3.3 Results of Aquifer Testing. Results of aquifer testing in the three site-characterization/
monitoring wells are described in detail by Swanson (1994a). A summary of that work is presented
here.

Well 699-48-77C was used as the pumping well in all tests. Three constant-rate pumping.
tests (with recovery data) and three slug tests were conducted in three depth intervals of the well.
These intervals were; 74.53 to 78.81 m (244.37 to 258.40 ft), 91.41 to 96.18 m (299.70 to
315.36 ft), and 117.24 to 122.01 m (384.40 to 400.02 ft). Wells 699-48-77A, 699-48-77D, and two
wells in the 200 West Area were used as observation wells, but only well 699-48-77D and the stressd.
-well, 699-48-77C, measurably responded to the tests. The tests were conducted from March 4 to
March 31, 1994. Baseline conditions and barometric efficiencies were determined in all three wells
prior to testing. Barometric efficiencies are: 699-48-77A - 60%; 699-48-77C - 59%; and
699-48-77D - 55%. Table 2-2 lists significant results of the aquifer tests for each tested interval.

Hydraulic conductivity =t'*ederived from the testing range from 3 m/d (10 ft/d) in the
upper part of the aquifer (test interval 1) to 37 m/d (120 fr/d) at intermediate depth in the aquifer (test
interval 2).
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Table 2-2. Aquifer Test Results.

Discharge rate K T"
Test interval Test y (galtmin) (ftd) (r/d)

75.53 to 78.81 m Slug 11 35

Constant-rae 21 10 530
pumping

91.41 to 96.18 n Slug' - 115
(299.70(0o 315.36 uEr)

Constant-rate 203 120 6.500
pumping

117.24 to 122.01 m Slug' - 58
(384.40 to 400.02 ft) Constant-rate 157.8 32 drawdown = 1.290

pumping I recovery - 4.350

*Depch below land surface; all tests were performed in well 699-48-77C.
'Assumes aquifer thickness of -16 m (-53 ft) for test intervals I and 2. and -4.6 in (-15 ft) for interval 3.
'Slug rod volume - 2.404 ft3.

A storativity of 16 was derived fem servation well 699-46-77D uring the recovery
phase for test interval This value is for the upper. less permeable, part ot e aquifer. However,
Swanson (1994a) notes chat some of the data plot irregularly for this particular test and, therefore.
may be spurious. A srorativ.ity of 0.0005 was assumed to develop type curves for analysis of data
from ME interval 2. This value is thought to a reasonable estimate of the storage coefficient foraoe.4
confined aqui er in the Ringold formation. Jie values for both the derived storativity and the
barometric. efficiencies indicate confined conditics in the uppermost aquifer beneath the facility.

2.3.3.4 Groundwater Flow Direction and Rate. G tndwaer fNw * rection and rate beneath e

facility becculated using vd ulic conductiviti inveafm c Mstant-re a iftes
es:tcrivre -is 7i en \ , e orrya r v Es.

A eragolin rcwelocuy at's ted i?s ra er the r tionship:

-A I

he is ayerage inear groundwaxer velocity draulic c nducrwiy, I isyaulic gryEnr,
~~d/nr on±fC&' ' valitss-fth6 " E

iseffecd porosity. ,Effecti poros is estilnated b On ag b
the Ringold FormationI'kd's typically igned a value to 02

discussed in Section 2.3.3.3. calculated hydralc conductivit'.. nge from 3 mI/d
(10 f/ n he upper part o e aquifer t interval 1to 3A m/d (120 d) It inte rn- diate depth in
the aquifr est interval 2 The calcul edydraulicgradieni is 0.00 and th) direcionaf slope of
the wAter a e is(35* west of noth, g il 1995 water-level measurements frm /2e three

facility monit&rini weit. Based on ese parameter values, te.a ' zge linear eicity of,
groundwater beniea± the facility ranges from 05 -to 1.1 m/d (0.15 to 3.6 ft/d),llowing 35* west of
north. '
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2.3.4 Groundwater Chemistry and Related Parameters

This section describes the resu of chemi( analyses of groundwater sampled inthree DF
site characterization/monitoring wellsand is organized in parallel with Section 3.4 to aid m comparing
pre-operation (baseline) monitoring diza with monitoring data collected after initiation of disposal.
The baseline results cover the period-frdm June 1992 to October 1994. Appendix C contains all
groundwater chemistry data reported for that time period. These results were also reported in RCRA
quarterly groundwater monitoring reports (e.g., Barnett 1994).

Various methods used to evaluate data from el" s indicate that the data are of
acceptable quality. Nevertheless, groundwater sample collections and analyses are subject to actual
and potential anomalies and errors. The following paragraphs discuss the anaiyeitmrwnin the
context of several factors that may affet 4.

Groundwater in well 699-48-77A was sampled during each of 11 quarters since well
completion in 1992. Wells 699-48-77C and 699-48-77D were sampled during each of four quarters
since well completion in 1994. The results of these samplings were used to determine baseline water
quality. Table 2-3 lists the sampling dates and corresponding purge rates.

Table 2-3. Sampling Dates and Corresponding Purge Rates for Monitoring Wells.

Sampling dates in Purge rates Sampling dates in Purge rates Sampling daes in Purge rates
welt 69948-77A (gal/min) well 699-4-77C (gal/min) well 699-4-77D (gal/min)

06/19192 2.0 r ? ).?

09/02/92 4.0

11/02/92 3.7

02/22/93 5.0

05/17/93 4.6

09/02/93 4.6

10/15/93 3.33

01/17/94 4.0

04/15/94 3.7 05/28/94 5

08/10/94 4.0 08/10/94 4

10/31/94 10/31/94 10/31/94

As noted in Table 2-3. the purge rates for all sampling dates generally were reasonably
consistent. However. when purge rates exceed sampling rates, analytical results for some sample
constituents may not be representative of the aquifer. Potential anomalies introduced by variable
purging and sampling rates were taken into consideration during evaluation of the data and are
discussed later in this section. Future collections of groundwater samples from these wells (see
Section 3.6.1) will use purge and sampling rates that are consistent and less than or equal to the rate
of pumping used for well development.
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2.3.4.1 Turbidity and Other Field Parameters. Measurements of turbidity are used to determine
the relative amount of particulate matter in water. Water samples with high particulate content
interfere with analytical methods and may cause analytical results to be erroneously high or low,
depending oni the analyte and the analytical method used. Consequently, groundwater samples with
low turbidity are sought. Turbidity is known to be influen; d bv pumping rates during purging and
sampling. For groundwater samples collected from th wells between October 1993 and
May 1994, turbidity was measured in the laboratory, rather at the well site. For all other
collection dates, turbidity was not analyzed. Hence, samples were collected without prior knowledge
of the turbidity of the water. The advantage of measuring turbidity prior to sample collection is that
the pumping rate can be reduced as needed to..achieve lower turbidity, thus helping eliminate potential
interferences to laboratory analyses.

The measured turbidities were all within an acceptable range of <10 nephelometric turbidity
units (NTU). The corresponding pumping rates were consistent. Consequently. the analytical results
have most likely not been significantly affected by turbidity.

Other field parameters for which measurements were made in the three wells are specific
conductance (SC), pH, temperature, and water level. Water level was measured monthly and is
discussed in Section 2.3.3. The other field parameters were measured during quarterly groundwater
sample collection. The consistency of values for the field parameters measured at each well indicate
that they provide a reliable baseline for groundwater quality.

2.3.4.2 Cations and Anions. Ammonia/nitrogen was detected in well 699-48-77A on October 15,
1993 and January 17, 1994. Ammonia/nitrogen was also found in the field quality-control blank.
Coliform bacteria were detected twice in well 699-48-77A on June 19, 1992 and September 2, 1992.
Coliform bacteria were not detected in wells 699-48-77C and 699-48-77D. Sulfide was not detected
in wells 699-48-77C or 699-48-77D, and was not analyzed in well 699-48-77A. Hydrazine was not
detected in well 699-48-77A and was not analyzed in wells 699-48-77C or 699-48-77D. All
detections were in the low-level range and are considered to be baseline values for the

Samples were collected for analysis of cations, anions, alkalinity, total carbon (TC), total
dissolved solids (TDS), and SC to provide information for evaluating water quality parameters and
charge-balance equations. Because charge balance can be used to verify sampling and laboratory
analysis precision and accuracy, attempts were made to assess the relationships of charge balance to
TDS and SC. However, these attempts did not consistently indicate correlations.

The relationship of TDS to major cations and anions is as follows:

TDS (MgIL) = E(carions + alkalinity (0.6) + anion)y g/L.

If alkalinity analyses are not available, then TC and total organic carbon (TOC) may be used
to calculate alkalinity indirectly by the relationship:

(TC-TOC) x 4 - Alkalinity.

This relationship is based on the assumption that total inorganic carbon (TIC) is equal to TC
minus TOC. TIC is expressed as an equivalent concentration of calcium carbonate (CaCO,).
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The relationshin of TDS to SC is as follows:

7DS (pg/L) = SC (pmohs/cm) + 1.7.

Charge balance, the calculated percent deviation between the observed total cations and anions
(each measured in milliequivalent (meq)/L), can be determined by using the following equation:

Charge balance = total cations - total anions x 100%
total cations + total anions

where:

Total cations (meq/L) = [NA ] [K] [Ca] K. Mg.]
22.9898 39.102 20.04 12.156

and

Total anions (meq/L) = +alini . + [F-] + ~ + [so]
50 35.453 18.9984 62.0049 48.0308

Concentration units in these equations are milligrams per liter; the divisors are the equivalent
weights of the respective species. A charge balance can be computed provided that data for all of the
key components are available. Key components include sodium, potassium, calcium, magnesium.
alkalinity, chloride, fluoride, nitrate, and sulfate. If results for nitrate are available, they are included
in the charge-balance calculation but are not believed to be quantitatively significant. Consequently, a
charge balance typically is determined whether nitrate analyses are available or not.

Alkalinity was not measured nor was it calculable from TC because TC was not analyzed.
Based on evaluation of the relationship of SC to TDS, a < +21% difference was observed between
analyzed and calculated TDS. Hence, there is a relationship between SC and TDS: laboratory
measured TDS values were consistently higher than the TDS estimated from field-measured SC.

Evaluation of the chemical analysis data based on cation and anion information indicates that
the analyses are of acceptable quality; no anomalous values were noted, and the groundwater in all
three monitoring wells currently cormlids with all primary drinking water standards.

2.3.4.3 Metals and Cyanide. Evaluation of metals analyses was also in terms of the comparability
of results for filtered and unfiltered samples. If the results for filtered vs. unfiltered samples agreed
within 20%, the daa were considered to be good. If the results did not agree within the limits of this
criterion, the disagreement was attributable to high turbidity resulting from well construction or
sampling techniques.

Only two outlying analyses were observed for samples from well 699-48-77A. On
May 17, 1993, copper in the filtered sample was twice as high as that in the unfiltered sample.
On September 2, 1993. potassium in the unfiltered sample was twice as high as that in the filtered
sample.

Data from well 699-48-77A showed no correlation between aluminum, chromium, iron.
manganese. vanadium, and zinc values for filtered versus unfiltered samples. This same lack of
correlation is seen for groundwater samples from throughout the Hanford Site and can be attributed to
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well construction, and to sampling and analytical errors. Consequently, analytical data from both
filtered and unfiltered samples will be used to evaluate future analytical data for metals.

In wells 699-48-77C and 699-48-77D, only filtered samples were collected for metals
analysis. Analytical results from the wells were compared to historical values from other monitoring
wells on the Hanford Site. The analytical results were very consistent for filtered samples, except for
three outlying values. Well 699-48-77C had two outlying results for manganese and zinc in a sample
collected on August 10, 1994. Well 699-48-77D had one outlying result for manganese in a sample
collected on August 10, 1994. -

Analyses were made for cyanide in well 699-48-77A until October 1993; thereafter, samples
were not analyzed for cyanide in any of the three wells. Cyanide was not detected in any of the
samples.

2.3.4.4 Organic Compounds. Analyses of organic compounds focused on both specific constituents
and broad-based indicators. Analyses were made of total organic halides (TOX), TOC, volatile
organic compounds, semivolatile organic compounds, phenols, pesticides, polychlorinated biphenyls
(PCB). herbicides, dioxin/dibenzofurans and organophosphates. The relationships between the
detection of specific constituents, TOC, and/or TOX were reviewed. Audits of laboratory analyses
and reporting suggest that the results of TOX analyses from December 1992 to December 1993
should be treated as suspect. After December 1993, TOX was analyzed by a different laboratory for
which audit results have' been more satisfactory.

For all sampling dates and wells, all detections of specific organic compounds were below the
laboratory contractual reporting limits. The following are the only detections of organic compounds.
The number or other entry in parentheses after the name of the organic compound indicates the
number of detections (if more than one) or the type of laboratory error.

* Well 699-48-77A: acetone (blank contaminated) and cis-1,2-dichloroechylene were
detected

* Well 699-48-77C: methylene chloride (2, blank contaminated), 4,4'-DDE, aldrin, carbon
tetrachloride (2), chloroform (2) and di-n-butylphzhalate were detected

- Well 699-48-77D: 1,1.1-trichloroethane, methylene chloride (2, blank contaminated),
carbon tetrachloride (2), chloroform (2), and di-n-butylphthalate were detected

2.3.4.5 Radionuclides. Radionuclides are being monitored in groundwater at the thre .f:E5 wells
to establish baseline values. All detections have been at very low levels. Iodine-129, among the most
mobile of radionuclides found in groundwater elsewhere beneath the Hanford Site, was detected once
in well 699-48-77A and was not analyzed for wells 699-48-77C or 699-48-77D. Tritium was detected
twice in each of wells 699-48-77C and 699-48-77D, but was absent from well 699-48-77A. Gross
alpha and gross beta are being monitored in all wells and the results are very consistent except for -
two outlying values for gross beta. The two outlying values were detected for samples collected in .
well 699-48-77C (25 times higher than historical results) and well 699-48-77D (10 times higher than
historical results) on August 10, 1994. Radium was analyzed only for samples from wells
699-48-77C and 699-48-77D, with one detection at each well.
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2.3.5 Statistical Evaluation of Groundwater Background Data

Eleven quarters of monitoring data from well 699-48-77A and four quarters of monitoring
data from wells 699-48-77C and 699-48-77D were statistically evaluated to derive background values
representative of pre-operational groundwater quality for the three monitoring wells at the diszrFigc
facility. Background concentrations in groundwater are statistically defined as the 95% upper
tolerance interval, with 95% confidence. These.background concemr '{s represent conditions
present in the uppermost aquifer prior to the onset of discharges t E. The assumptions,
objectives, and approach used for the statistical evaluation are describ in the following sections.

2.3.5.1 Assumptions. Assumptions related to the statistical model or methods are required to
properly determine and interpret background values for constituents of interest in groundwater at the cLjt& ;.

'These assumptions are:

* Groundwater monitoring data represent actual groundwater conditions in the uppermost
aquifer beneath the facility.

- Groundwater chemistry data, except for pH and SC, are log-normally distributed.
The use of a log-normal distribution as a default statistical model is justified because
(1) most groundwater monitoring data are positively skewed and'are restricted to positive
values. (2) all available statistical tests for distributional assumptions are inadequate when
the sample size is small, and (3) the U.S. Environmental Protection Agency's (EPA)
experience with contaminant concentration and groundwater monitoring data suggest that
a log-normal distribution is generally more appropriate as a default statistical model than a
normal distribution (EPA 1992). For field-measured pH and SC data, normal
distributions are assumed because each data point is the average of quadruplicate
measurements (i.e., the central limit theorem applies in this case).

e Seasonal or temporal variations are insignificant. The test for seasonality generally
requires a minimum of 2 yr of monitoring data. The data from the two downgradient
wells are insufficient to test and/or to adjust for seasonal variation.

2.3.5.2 Objectives. Objectives of the sztriscal evaluation were to (1) establish baseline values for
constituents of potential concern at each/monItoring welkand (2) provide information to enable
Ecology to determine enforcement limits for specific constituents in groundwater. Enforcement limits
are established for specific constituents of concern to delineate groundwater contamination.
Enforcement limits are determined on a site-specific basis and are based in part on background
concentrations of theat onstiuents in groundwater.

2.3.5.3 Statistical Approach. In general, background groundwater data were statistically evaluated
following procedures outlined by the EPA (1989, 1992).

Groundwater chemistry dam from the three monitoring wells (699-4-77A, 699-48-77C, and
699-48-77D) were obtained from the Geosciences Data Analysis Toolkit (GeoDAT) and Liquid
Effluent Monitoring Information System (LEMIS) databases. Analytical results were reviewed under
the aegis of the RCRA quality control (QC) program. The QC program that supports the sampling
and analysis of groundwater from the;*E&F is described in quarterly RCRA groundwater monitoring
reports (e.g., DOE-RL 1994a). Data flagged with 'B' (contaminated blank) or 'H' (holding time
exceeded) qualifiers were eliminated from further statistical evaluation beqause the validity of such
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data is doubtful. However, the usefulness of data flagged with a 'Q' qualifier (suspect QC data) was
evaluated based on consistency with the historical trend.

Groundwater chemistry data from each monitoring well were visually screened and tested at
the 5% level of significance for outlying values using Box-and-Whisker plots and the Grubbs method.
respectively (EPA 1989). The data were not used to calculate background concentrations if they were
determined to be outlying values.

Groundwater monitoring data are often reported as "not detected." In these instances, a
value such as the appropriate method-detection limit is given. Statistical treatment of "nondetects"
depends on the percentage of nondecects in the database. When the percentage of nondetects was
small (<15%), a replacement value of 1/2 the detection limit was used for the nondetected data
point. When the percentage of nondetects was between 15 and 50%, Cohen's method was applied to
the log-transformed data values to calculate estimates of the true mean and standard deviation
(EPA 1989). For example, Cohen's method was used for chromium (wells 699-40-36 and
699-48-77C) and nitrate data. When the percentage of nondetects was larger than 50%, summary
statistics (sample mean and standard deviation) were not calculated.

A 95% upper tolerance limit and a confidence level of 95% based on log-normal distribution
were used to calculate background concentrations. For pH, a two-sided tolerance limit based on
normal distribution was calculated. For SC, a one-sided tolerance limit, based on normal distribution,
was calculated. These tolerance limits are of the form:

x + ks (one-sided)

ks (two-sided),

where x is the sample mean, s is the samnle standard deviation, and k is a multiplier whose value is
based on the coverage, the confidence level, and sample size. Values of k can be obtained from the
EPA (1989).

The tolerance interval is designed to cover only a specific proportion (e.g., 95%) of the
population of interest. Therefore, I of 20 samples could be expected to exceed the upper tolerance
limit, even when no contamination has occurred (EPA 1992). In such cases, a well would be
resampled to verify the presence or absence of contamination.

2.3.5.4 Results of Gw"dr Statistical Evaluation. Background groundwater characteristics
were evaluated for each well using data collected from June 1992 through October 1994. A summary
of the status of all constituents of potential concern is provided in Appendix D. Additional statistics
and conditional statements associated with computation of the tolerance limits listed in Appendix D.1
are provided in Appendix D.2.

2.3.6 Sediment Characterization

Physical and chemical properties of sediments at the ThDF were fiist described by Reidel and
Thornton (1993). ReidefandThton(19 )destbe-teulsofphyahests~-nsedmems,
'seditntnt-ctiemistries'..and-.4ache-ts. The results, except for grain size analyses. are for samples
collected during the drilling of wells 699-48-77A and 699-4877B.
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Swanson (1994a) reported th esults of analyses of split-spoon and grab samples collected
from two subsequently drilled wells 699-48-77C and 699-48-77D. These samples were analyzed
only for moisture and CaCO, contents. In addition, in-situ infiltration was determined at two
locations immediately south of the ?MF to measure infiltration capacity and hydraulic conductivities
of near-surface sediments (Swanson 1994c). These tests were conducted in two shallow boreholes to .
determine whether CaCOQ-cemented horizons in the sediments beneath the T3OF would hinder
facility operation.

The discussions that follow summarize results tithe characterization work'identified
previously. Detailed descriptions of the sediments can be found in borehole data package
WHC (1995). /..-2 '

2.3.6.1 Physical Properties of Sediments. Grain-size distributions wi, Ringold units A and E.
the units that collectively comprise most of the sediments beneath the , ~were measured in
samples from well 699-48-77A. However, because of the diminution of grain sizes caused by the
cable-tool method used to drill this well, the results may not be representative. For purposes of
comparison, grain-size distributions were also determined for sediment cores taken from three
rotary-drilled boreholes south of the, D#PDH-6, DH-12, and DH-13; see Figure 2-5 for locations).
These samples were from Ringold units A and E, and interbeds of silt and sand within the Ringold
Formation. Sampling results from/all four wells were expressed by Reidel and Thornton (1993) in
terms of the Wentworth grain-size*classification system gjanbein and Pettijohn 1938).

Grain-size distributions ere measured for 18 safnles from well 699-48-77A. A sample of.
the Hanford formation om this well at a depth of 1.4 to 1.5 m (4.5 to 5.5 ft) indicates

-48 wt% or te formatic "comp-rise r pebble-sized grai . In contrast, medium to very coarse-

grnie sana c m is a average 4c or strata i entiie e P io-Pleistocene unit and/or early
Palouse soil. This average is ased on grain-size measurements for 12 samples from depths of 8.1 to
16.6 m (26.5 to 54.4 ft). Because 21% of these samples is silt, the average grain-size distribution in
the Plio-Pleistocene unit and/or early Palouse soils 5 pears to be bimodal.

The only sample analyzed from the upper unit of the Ringold Formation is dominated by
medium to very coarse-grained sand. This sample was taken at depths of 20.6 to 20.7 m (67.5 to
68.0 ft). Based on the average of four samples analyzed from the Ringold unit E, the dominant grain
size of this unit is pebble-to-granule (56.5%). Grain-size distributions in the Ringold unit A were not
measured for samples from this well. Clay-sized particles are reported as being present only in
'trace' amounts for all units. -

Grain distibutions we measured in 47 samples from wells DH-6, DH-12, and DH-13,
all south of ther in the 200 West Area (Figure 2-5). The average grain-size distribution for
26 of these samples from the Ringold unit E indicates that 75% of the particles comprising the
sediment are of pebble size. Most of the remaining samples from Ringold unit E are classified as
medium to very coarse-grained sand. The average for 10 samples from Ringold unit A indicates that
71% of the particles comprising this unit are of pebble size; 11% are medium-grained sand. Twelve
samples from sand and silt interbeds within the gravels indicate that the dominant grain sizes in these
lithologies are fine to medium-grained sand (63%), and that an average of only 3.8% silt is present.
As was the case in well 699-48-77A. only a trace of clay is noted, on average, for samples from these
three wells. - e

CaCO, content was analyzed for 1.5-m (5-ft) sample intervals in wells 699-48-77A and
699-48-77D (WHC 1995). The results of most analyses indicated that CatO, is present in amounts
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less than 0.5%, except within the Plio-Pleisrocene unit and/or early Palouse soil. In well
699-48-77A, as much as 7.8% CaCO, is estimated to be present within these two strata. In well
699-48-77D, 8.5% CaCO, is present near the contact separating the Hanford formation from the
Plio-Pleisrocene unit and/or early Palouse soil; 8.7% CaCO1 is present in these strata near their
contact with the Ringold Formation.

2.3.6.2 Results of Infiltration Tests. Geologic logging of monitoring well 699-48-77A revealed a
substantial thickness of relatively impermeable sediments. now recognized as the P19Eleistocene unit
and/or early Palouse soil. These straza occur -6 to 20 m (-20 to 65 ft) below .bncsurface a[ the 4
Ttae'The presence of these fine-grained, CaCO1-cemented sediments was a cause of potential fttrlt
concern for the infiltration of treated effluent because these sediments have relatively low hydraulic C"'
conductivities. Consequenfly, in June 1994, two shallow boreholes were drilled near the southern end
of thejEDF to test the infiltration race (Figure 2-4). Falling-head and constant-head tests were
conducted in each borehole.

Tests in the eastern borehole yielded a hydraulic conductivity (const -head test) of
1.0 X 10- cm/sec (3 ft/d) and an infiltration.rate (falling-head rest) of 0.9 l /d/m (2.5 gal/d/fW).

The hydraulic conductivity derived from the constant-head test in this or Ie is not consistent with
the infiltration rate derived from the falling-head test. The value 4e6'vWfrom the constant-head test
was interpreted to be suspect because of a possible leak in the casing shoe at the bottom of the
borehole.

Two falling-head tests were ncfed in the western borehole. These tests yielded
infiltration rates from 17.6 to 66.8 1 /d/m: (50 to 190 gal/d/ft). The single constant-head test in the
western borehole produc $a hydraulic conductivity of 2.7 X 104 cm/sec (7.4 ft/d).

Swanson (1994c) attributed the discrepancies in results from the two boreholes to lateral and
vertical discontinuities in the distribution of calcrete in the Plio-Pleistocene unit and/or early Palouse
soil. Swanson (1994b) also noted that the much 'softer' calcrete encountered in the western boreholVA ""
suggests significant lateral variability in the degree of induration and CaCO, content.

2.3.6.3 Sediment Chemistry. Seven samples4 from two boreholes were chemically analyzed; four
from well 699-48-77A and three from abandoned borehole 699-48-77B (see Section 2.3.1) (Reidel and
Thornton 1993). Each sample was analyzed for metals, anions, pH, radionuclides, volatile organic
compounds, semivolatile organic compounds, pesticides and PCBs, and hexavalent chromium. Eight
additional-aedmsiamples from well 699-48-77A were the subject of column leach tests. Four
.samples of leachate were analyzed from each of the eight samples. -

Results of the -efmee analyses indicatz~ b sediments co nta none of the analyces
identified in the preceding paragraphfar levels-eenidend-1ndicati. tmi ion. The results of
most analyses of nonmetals were at or below detection limits of the analytical method. Relatively
high values for pH (9.0 to 9.4) result from the calcareous nature of the sediments. Trace amounts of
two volatile organic compounds: 2-butanone and 4-methyl-2-pentanone were found in the analyses for
volatile organic compounds. Similarly, traces of three semivolatile compounds, benzoic acid,
carboxylic acids. and phthalates were identified in the sediments.
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Column leach tests wert conducted to determine if potentially pre-existing contaminants in the
sediments could be leached by treated effluent, thus affecting groundwater quality. The tests
consisted of draining deionized water through core samples of sediments. The resulting leachate was
analyzed for nonorganic constituents. All analytes of potential concern were at or below detection
limits. Nitrate in one sample was elevated (42.7 mg/L) but still below drining water standards.
Calcium content and pH were also slightly elevated because of CaCO, in the sediments.

In summation, no constituents of concern were detected at significant levels, either from
chemical analyses of the sediments or ee - aaa e Elevated alkalinity is thought to result from
the CaCO3 in the sediments.

2.4 PROJECTED EFFECTS OF FACILITY OPERATION ON GROUNDWATER FLOW
AND SOLUTE TRANSPORT

Groundwater flow characteristics in the vicinity of the -F9and Ae fate of tritium
discharges were evaluated by using.computer-encoded numerical models. These models were used to
simulate infiltration of the discharge into the vadose zone and its subsequent movement in the
uppermost aquifer. This section summarizes results of the following analyses:

* Hydrogeologic modeling of hydraulic properties and water quality in the uppermost
aquifer underlying the .200 West Area and vicinity (Connelly et al. 1992)

e Numerical analysis of treated effluent flow and tritium transport in the vadose zone
beneath the 19F (Lu et al. 1993)

- Numerical ysis of groundwater flow and tritium transport in the uppermost aquifer
between the and the Columbia River (Golder As 2 2 es 1990, 1991).

Connelly et al. (1992) providd-aomprehensive% eF '.e$ groundwater flow
characteristics in the 200 West Area and selected adjacent areas. They also compiled information on
the extent and nature of existing groundwater contamination associated with past operations in the
200 West Area. The numerical simulations by Lu et al. (1993) evaluated the potential for preferential
lateral movement of treated effluent lithe partially saturated zone above the
uppermost aquifer, and predicted the ' distribution of tritium in the immediate vicinity of
the discharge. Numerical modeling by Golder Associates focused on (1) prediction of movement
through the uppermost aquifer to the Columbia River of tritium discharged to the0E*F and
(2) estimation of future tritium concentrations in groundwater entering the river. IiltT

2.4.1 Modeling of Hydraulic Properties and Known Groundwater Contamination in the
200 West Area and Vicinity

This section summarizes the work by Connelly et . (1992) that is pertinent to evaluation of
baseline water quality and hydrology in the vicinity of thefrEeF: (1) distribution of groundwater
contaminated by past operations in the 200 West Area and(2) the movement of groundwater through
the uppermost aquifer in the northern portion of the 200 West Area.
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2.4.1.1 Areas of Known Groundwater Contamination Near the Conminant plume
geometries and distributions associated with past operations in the 200 West Area were compiled and
plotted by Connelly et al. (1992) based on data in the Hanford Environmental Information System
(HEIS) database through the first half of 1990. As used by Connelly et al. (1992), the term
"contaminant" refers to any constituent listed in:

* WAC 173-200-040, Model Toxics Control Act
* 40 CFR 141 and 143, Primary and Secondary Drining Water Regulations
* FR 54 22062, Proposed Drinking Water Maximum Concentration Limits
* 40 CRF 264, Appendix IV, the RCRA "Long List"
- DOE Order 5400.5, Derived Concentration Guides for Radionuclides.

Data on contaminant concentrations that exceeded the limits stated in the above regulations
were compiled and their distributions were contoured by computer to indicate the approximate extent
of the contamination. A com'p site distribution map of hazardous chemicals, for concentrations in
groundwater that exceed regulatory limits, is shown in Figure 2-12. This map shows the areas of the
uppermost aquifer in the 200 West Area that are contaminated by past discharges of arsenic,
chromium, fluoride, carbon tetrachloride, chloroform, trichloroethylene, and nitrate. Figure 2-13 is a
map of the areas of the uppermost aquifer with radionuclide contamination from "I, ""Pu, "Tc,
tritium, and uranium.

The discharge facility currently is downgradienr from some of these areas of aquifer
contamination. However, the gradual, progressive decay of a mound in the water table resulting from
past discharges of wastewater to U Pond in the 200 West Area is resulting in a gradual shift of
groundwater flow from a northerly to a more easterly direction in the vicinity of the TEDF. As that
occurs, the facility will no longer be downgradient from areas of known contamination in the
uppermost aquifer.

2.4.1.2 Pre-Operational Movement of Water through the Uppermost Aquifer in the 200 West
Area and Vicinity. The uppermost-, regionally unconfined aquifet beneath the TEDF and most of the
200 West Area is in Ringold Formation gravel units A and E. As shown in Figure 2-14, hydraulic
properties of this aquifer vary widely. However, the northern part of the 200 West Area, including
the vicinity of the TEDF, is distinguished by a zone of relatively high hydraulic conductivity --
(>30 mid [>100 ft/d]). This high-conductivity zone is-believed to trend north-south between the
area immediately to the west of the TEDF and the low-level waste burial ground.

The potential movement of contaminants in the uppermost aquifer (Connelly et al. (1992) is
illustrated by the streamlines in Figure 2-14. The simulated rate of groundwater movement varies
among areas of the aquifer with differing hydraulic conductivities. The time markers shown on the
streamlines in the figure illustrate the relative differences in the rates of groundwater movement for
areas with differing hydraulic conductivities. For 1992 head conditions in the high hydraulic
conductivity zone shown in Figure 2-14, groundwater would travel -610 m (-2,000 ft) in 3 yr.

2.4.2 Numerical Analysis of the Effects of Facility Operation on the Vadose Zone

This section summarizes work by Lu et al. (1993) to simulate the movement of discharges
from the TEDF through the vadose zone to the water table. The simulation was made using the
VAM3D-CG numerical model (Huyakorn and Panday 1991).
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2.4.2.1 Conceptual Model. The conceptual model of Lu et al. (1993) assumed that infiltration of

treated wastewater into the soil would occur through a surface area of 2,000 n9 (21,600 f 2) at a rare

of - 150 m3/yr/nm (400 L/d/m [10 gal/d/ft), that half the riium would decay by the end of each

12.3 yr, and that tritium concentrations would be unaffected by sorption.

Lu et al. (1993) assumed that 568 L/min (150 gal/min) of wastewater would continue to be
discharged for 125 yr and that the water would contain tritium with an average concentration of
1.62E--07 pCi/L. Subsequent to that analysis, the estimated discharge rate was increased by 8 L/min
(22 gal/min) and the expected concentration of tritium was revised substantially downward to
6.2E+06 pCi/L. The actual design life of the facility is 30 yr.

The VAM3D-CG numerical model simulated advection, hydrodynamic dispersion, and
radioactive decay in a two-dimensional vertical cross section, from the surface to a depth of 120 m
(395 ft) across the center of the infiltration surface. The discharge to the TEDF was represented in
the conceptual model by applying the treated effluent as a constant flux along a 32 m (105 ft) length
of the cross section. Beyond the 32-m (105-ft) influx length, the model domain extended 50 m
(165 ft) upgradient along the plane of the cross section and 100 m (328 fE) downgradient, for an
overall length of 182 in (600 ft).

Based on the stratigraphy in the upgradient monitoring well (699-48-77A), Lu et al. (1993)
depicted lithologies in the conceptual model by six zones which correspond to the Hanford formation,
Pliocene-Pleistocene unit, upper part of the Ringold Formation, and portions of the middle and lower
parts of the Ringold Formation. The hydraulic properties assigned to these zones were based on
laboratory analyses of six split-spoon samples of sediments from the well.

Moisture characteristic curves were developed for each of the six samples by using laboratory
measurements of matric potential at different moisture contents and fitting a moisture retention curve
using the RETC computer program (van Genuchten et al. 1991) that embodies the van Genuchten-
Mualem model for moisture retention (Mualem 1976; van Genuchten 1978). RETC was also used to
estimate unsaturated hydraulic conductivity values from the moisture retention data and laboratory-
measured saturated hydraulic conductivities.

Initial conditions in the vadose zone were assumed by Lu et al. (1993) to be controlled by
steady-state infiltration of meteoric water at a rate of 5 ci/yr. An initial unit-gradient pressure head
was assigned to the vadose zone, thus equating the initial infiltration rate to the unsaturated hydraulic
conductivity.

The left and right boundaries of the model domain within the vadose zone above the water
table were assigned zero fluid and solute concentration fluxes. Zero flux conditions were also
assigned to the bottom boundary. The boundary condition of the saturated portion of the conceptual
model was defined by applying a hydrostatic pressure distribution along boundary nodes below the
current 70 m (230 ft) depth of the water table. A lateral hydraulic gradient of 2.75 m/km
(14.5 ft/mi) was assigned to the uppermost aquifer by applying slightly higher pressures on the
upgradient side of the model domain.
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2.4.2.2 Input Parameters. The following values were used as model input parameters:

* Aquifer storativity: 0.2
* Longitudinal dispersivity: 1.0 m (3.3 ft)
* Transverse dispersiviry: 0.1 m (0.33 ft)
* Molecular diffusion coefficient: 1.4x10' cmn/s
* Sorption coefficient for ritium: 0.0
* Retardation factor for tritium: 1.0

2.4.2.3 Results. The results of Lu et al. (1993) confirm that the relatively low hydraulic
conductivity of the fine-grained Pli&-Pleistocene unit and early "Palouse" soil would result in lateral
spreading of the treated effluent in the sediments above the water table. Lu et al. (1993) predicted
that the maximum transverse flow would occur at a depth of -10 m (-33 ft), but that lateral flow
would not necessarily result in extensive migration of the created effluent in the vadose zone to areas
of high hydraulic conductivity. One such area of higher hydraulic conductivity occurs to the north of
the TEDF where the Hanford formation has been deposited in a Pleistocene paleochannel eroded into
the Ringold Formation. Another area may occur immediately west of the TEDF (see Figure 2-14).

By about 1 yr after operation of the TEDF begins. Lu cc al. (1993) predicted that the water
table beneath the TEDF would reach its maximum elevation at -5 m (16 ft) above the pre-TEDF
operation level. The model predicted that a new steady-state condition would become established by
- 14 yr after operation of the facility begins. After 14 yr, no additional lateral spreading of the
treated effluent in the vadose zone was predicted. When discharges end, -5 yr would be required
for the water table to revert to its natural state and for the mound in the water table beneath the
TEDF to dissipate.

Lu et al. (1993) estimated chat the treated effluent would reach the water table - 1 yr after
discharges began and would require -9 yr from the onset of treated effluent disposal to arrive at a
hypothetical well 100 yd (328 ft) downgradient. Hence, maximum predicted activity of tritium in the
uppermost aquifer would be equal to the discharge activity minus the radioactive decay of tritium
occurring in 1 yr. For the tritium discharge used by Lu et al. (1993) (16.2 gCi/L
[1.62E+07 pCi/L]), this would correspond to a maximum activity of -14 pCi/L. After -19 yr of
TEDF operation, the forecast maximum adlivity would arrive at a steady-state location in the
uppermost aquifer. -20 m (65 ft) laterally from the location of treated effluent entry into the aquifer.
However, more extensive lateral spreading may occur in preferred directions if hydraulic conductivity
is appreciably anisotropic.

2.4.3 Numerical Analysis of the Effects of Facility Operation on the Uppermost Aquifer

Golder Associates (1991, 1990) assessed the movement of treated effluent in the uppermost
aquifer between the TEDF and the Columbia River. The analysis had two principal objectives.
The first was to predict the direction and rate of movement through the uppermost aquifer of tritium
discharged to the TEDF. The second was to estimate resulting future concentrations of tritium in
groundwater entering the Columbia River.

2.4.3.1 Conceptual and Numerical Models. Golder Associates used their proprietary two-
dimensional Aquifer Porous Media (AFPM) and Solute Transport (SOLTR) software modules for the
analysis. Detailed descriptions of the conceptual and numerical models, apd discussions of the
calibration procedures, assumptions, and model limitations can be found in Golder Associates (1990.
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1991). The major assumptions, simplifications, uncertainties, and limitations of the AFPM and
SOLTR transport models were:

I Vertical flow and solute transport within the aquifer were not accounted for
e Assumed isotropic flow characteristics for the aquifer
* Vertically averaged hydraulic conductivities
* Deterministically approximated flow parameters
- Used a single dispersiviry value characteristic of long-distance flow
- Assumed the size and geometry of the effluent influx area at the water table
* Assumed steady-state influx from flow sources for the duration simulated
* Accuracy was reduced by numerical dispersion and oscillations
* Neglected the effects of transient changes in river elevation
* Solute transport portion of the model was uncalibrated.

Fixed-head conditions were applied to the portion of the model boundary defined by the
Columbia and Yakima rivers (Figure 2-15). A no-flow condition was imposed at the bottom of the
uppermost aquifer (i.e, at the bottom of the model domain). Where basalt bedrock occurs above the
water table, the model boundary was assigned an extremely low hydraulic conductivity (i.e., 8 orders
of magnitude less than the aquifer). A non-zero, fixed-flux condition was applied at the segment of
the model boundary defined by the Dry Creek and Cold Creek valleys (Figure 2-15).

The modeled area was subdivided into 27 pieces. Each piece was assigned a set of values for
hydraulic properties based on current hydrogeologic knowledge. The groundwater flow portion of the
model was then calibrated using water table maps for 1944 and 1976. Hydraulic conductivities and
boundary fluxes for Dry Creek and Cold Creek were adjusted in the model until water table elevation
contours produced by the simulations closely approximated those of the 1944 and 1976 maps.

To help reduce numerical oscillation and dispersion, the downgradient portion of the numerical
grid was refined by relatively small-scale discretization. The resulting grid for the overall model
domain contained 4,639 elements and 4,773 nodes. Each square element in the north (downgradi.nt)
part of the model domain had sides 333 m (1,092 ft) long. Numerical effects near the TEDF resilted
in a simulated acceleration of solute transport near the TEDF, resulting in prediction of decreased;
travel time and increased tritium concentration at the river.

2.4.3.2 Input Parameters. For purposes of simulating advective flow through the aquifer, a
continuous effluent flux rate of 568 L/min (150 gal/min) was assigned to the TEDF location in the

.calibrated model. Subsequent to the analysis, estimates of the average annualized discharge rate
increased by 83 L/min (22 gal/min). The planar area of the aquifer through which this influx was
simulated was estimated by accounting for the effects of lateral spreading of the treated effluent in the
vadose zone above the water table. This estimation assumed isotropic conditions for horizontal
hydraulic conductivity and resulted in an estimated area of 8,350 mi (90,000 fW) through which
treated effluent entered the top of the uppermost aquifer.

Because the model was two-dimensional and oriented in a horizontal plane, it did not account
for vertical gradients within the aquifer. The effect on hydraulic gradients of past and current
discharges of treated effluent to the 216-B-3 Pond complex (Figure 2-15) was accounted for by
assuming a flux of 62.5 million L/d (16.4 million gal/d) at that location. The flux was assumed to be
distributed uniformly at the edges of a square element. Each edge of the element representing the
216-B-3 Pond complex was 998 m (3,275 ft) long.
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Figure 2-15. Model Domain for Numerical Simulation of Tritium Transport in the
Uppermost Aquifer.
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In addition to hydraulic head distributions generated by the groundwater flow model, simulation
of tritium movement through the aquifer required input for dispersivities, retardation factors, decay
races, source concentrations, and effective porosities. Values for longitudinal and transverse
disnersivities were obtained from a combination of Hanford Site data and data from similar alluvial
and glaciofluvial sediments elsewhere.

Because dispersivity is a scale-dependent parameter, the dispersivities chosen for model input
were selected to conservatively underestimate the size of the Tritium plume and thereby overestimate
the concentration of triium where it is predicted to intercept the Columbia River. A longitudinal
dispersivity of -36.5 m (120 ft) and a transverse dispersiviry of - 12.2 m (40 ft) were used (Golder
Associates 1991).

Tritium was assumed to decay in accordance with its half-life of 12.3 yr (corresponding to a
first-order decay rate of 0.056 yr". Based on its known behavior, tritium was assumed to move
inseparably with the groundwater in the uppermost aquifer. .Consequently, a retardation factor of
1.0 was used. The modeled volumetric flux of treated effluent entering the aquifer was 568 L/min
(150 gal/min). The concentration of Tritium in treated effluent entering the aquifer was assumed for
purposes of the analysis to be 21 pCi/L, distributed evenly over model elements representing the
entry area. Subsequent to the analysis, the expected concentration of tritium in the discharged
effluent was revised substantially downward to 6.3E+06 pCi/L. Effective porosity values were
assumed to be correlated with hydraulic conductivity and were estimated to range from 0.15 to
0.25 (Golder Associates 1991).

2.4.3.3 Interpretation of Two-Dimensional Solute Concentrations. Because the two-dimensional
nature of the model portrayed the treated effluent as being instantaneously mixed throughout the entire
modeled aquifer thickness of -30 m (100 ft), the model depicted tritium concentrations in the aquifer
as being proportional to the aquifer thickness. To compensate for this distortion the simulated
concentraioii was scaled by a factor which reflected the likelihood that the treated effluent will not

mix vertically throughout the aquifer thickness. Golder Associates (1991) assumed an arbitrary 6 m
(20 ft) mixing depth. corresponding to the typical screened interval for Hanford Site monitoring wells
in the uppermost aquifer.

2.4.3.4 Results. Contours of simulated hydraulic head after operation of the TEDF are shown in
Figure 2-16. The resuits indicare that the proposed disposal of treated effluent at the projected rate
will have relatively little effect on :he local direction of groundwater movement. Reversal of the
regional hydraulic gradient will extend only - 150 m (500 ft) to the southwest of the TEDF.
Groundwater flow directioni will remain essentially unchanged - 300 m (1,000 ft) from the TEDF
(i.e., within 20* of the northeasterly regional flow direction).

Tritium transport simulations were run until steady-state conditions were achieved.
A travel time from the TEDF to the Columbia River of at least 100 yr was indicated by the
simulation results. Consequently, Eritium's residence period in the uppermost aquifer would reduce
its concentration at the Columbia River to less than 1/300 the level at the TEDF because of -

radioactive decay.
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Figure 2-16. Simulated Hydraulic Head Contours for Time After Startup of Facility Operation.
Assuming Steady-State Conditions.
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Because of the use of dispersivity values appropriate for the distance from the TEDF to the
Columbia River throuehout the model domain, tritium isoconcentration contours closer than several
thousand feet from the TEDF are considered to have high uncertainty. Contours of simulated
concentration were plotted for several intervals between the time of TEDF startup and the
reestablishment of steady-state conditions -205 yr later. These results are shown in Figures 2-17
through 2-21. As can be seen by comparing the figures. near steady-state conditions occur after
105 yr. Simulation results suggest that treated effluent initially migrates relatively slowly in the
uppermost aquifer because of the comparatively low hydraulic conductivity of Ringold unit E in the
vicinity of the TEDF, and accelerates as it passes through the Hanford formation gravels in the gap
between Gable Mountain and Gable Butte.

Figures 2-22 through 2-25 show profiles of simulated tritium concentration in groundwater
entering the Columbia River at the locations shown in Figure 2-26. The concentrations simulated at
any given location along the river are subject to large uncertainties because a small change in
direction of tritium migration due to high-permeability channels (USGS 1987) could have large effects
on concentrations at the edge of the treated effluent plume. However, the estimated maximum
concentrations of tritium entering along this reach of the river at the times shown are judged by
Golder Associates (1991) to be considerably more accurate.

Profiles are shown for simulated tritium concentrations at 105, 125, 165 and 205 yr after
initiation of TEDF operation. For steady-state conditions (205 yr), maximum tritium concentrations
at the riverbank resulting from TEDF operations are predicted to be 0.14 zCi/L (14,000 pCi/L).
This value is below the federal criterion of 0.02 ptCi/L (20,000 pCi/L). Mixing and dilution are
expected to reduce tritium levels in the Columbia River to a small fraction of the drinking water
criterion "within a short distance downstream of the riverbank discharge area.
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3.0 GROUNDWATER MONITORING PLAN

This chapter describes how the impacts on the environment of operating the TEDF will be
assessed and identifies the documentation that will be provided to help ensure that operation of the
facility is in compliance with groundwater quality standards. Section 3.1 addresses the objectives and
scope of the monitoring. Section 3.2 identifies the media to be monitored. Section 3.3 describes the
monitoring well network and its basis. Section 3.4 identifies the constituents that will be sampled and
the analytical methods that will be used. Section 3.5 indicates how the monitoring data will be
statistically evaluated. Section 3.6 describes the sampling and analytical protocol. Section 3.7
describes the well network that will be used to track movement of tirium from the discharge facility
through the uppermost aquifer. Section 3.8 describes how the previous analysis of the effects of
facility operations on the uppermost aquifer will be updated using groundwater monitoring data.

3.1 MONITORING OBJECTIVES AND SCOPE

The objectives and scope of groundwater monitoring at the TEDF derive from operating
permit requirements, the geology and hydrology of the site, and discharge composition and volume.

The principal groundwater quality regulations applicable to the discharge, those of
WAC 173-200, emphasize the nondegradation of current groundwater quality. The regulations
require "establishment of an enforcement limit as near the natural groundwater quality as practical."
and establishment of the point of compliance in groundwater "...as near the source as technically,
hydrogeologically. and geographically feasible."

3.2 MEDIA TO BE MONITORED

Wastewater discharged to the TEDF will be sampled and analyzed in accordance with
provisions of State Waste Discharge Permit ST-4500. Monitoring will include "end-of-pipe"
sampling at the ETF. as well as continued groundwater monitoring at the TEDF. Groundwater will

be sampled and analyzed in accordance with the permit provisions, as described by Sections 3.4, 3.5,
and 3.6.

.3.3 MONITORING WELL NETWORK DESIGN

Two boreholes were initially drilled at the TEDF site for hydrogeologic characterization
and/or monitoring. Borehole 699-48-77A was drilled upgradient from the TEDF site and was
completed as a RCRA-compliant groundwater monitoring well. Borehole 699-48-77B was abandoned
at a depth of 18 m (- 60 ft) when it began to substantially deviate from vertical (Figure 2-4).

Based on data from these boreholes and results from computer modeling (Golder Associates
1992) of the effluent-capture efficiencies of alternative locations for downgradient monitoring, wells
69948-77C and 699-8-77D were drilled at the locations shown in Figure 2-4. Like well.
699-48-77A. these RCRA-compliant wells were completed in the Ringold unit E fluvial gravel to
monitor groundwater in the upper portion of the uppermost aquifer. Well 699-48-77A is -91 m
(300 ft) from the south edge, well 699-48-77C is - 13 m (40 ft) from the east edge, and well
699-48-77D is - 5 m (16 ft) from the north edge of the TEDF (Figure 2 -4).
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The locations and screened intervals of the two downgradient wells proposed to monitor
groundwater quality were chosen based on the need to (1) comply with the Hanford Site Groundwater
Protection Management Program (DOE-RL 1989), (2) monitor the upper part of the uppermost
aquifer downgradient from the TEDF, (3) maximize the monitoring life of the wells based on the
predicted change in direction and elevation of groundwater flow resulting from the cessation of
discharges to U Pond in the 200 West Area, and (4) maximize the efficiency of the monitoring wells
in capturing treated effluent.

Success in meeting the fourth need was evaluated by using a monitoring-efficiency model
(Golder Associates 1992) to predict where treated effluent discharged to the TEDF would most likely
be detected by two downgradient monitoring wells. given a range of potential downgradient flow
directions. The predictions were evaluated in terms of which locations most closely approached
100% efficiency in monitoring the simulated area of the treated effluent plume. Modeling results
from the two downgradient wells shown in Figure 2-4, for the likely range of potential downgradien
flow directions, are summarized in Table 3-1.

Table 3-1. Modeling Results for Downgradient Monitoring Well Efficiencies.

Direction of Predicted groundwater
hydraulic gradient monitoring efficiency

_________________(%)

* 20" E 99.2

N 30r E 98.8

N -E 98.7

NS 01 E 97.5

The upgradient well (699-48-77A) will continue to be used for future background water-
quality monitoring. Continued use of this well to monitor background water quality for the TEDF is
justified based on its RCRA-comoliant construction and results from the monitoring efficiency model
(Figure 3-1). This model was used to locate the TEDF downgradient of well 699-48-77A such that
the ;well would have a 99% probability of detecting any change in the quality of water upgradient
from the TEDF, for a hydraulic gradient direction of N 30*E (Figure 3-1).

3.4.- CONSTITUENTS TO BE SAMPLED

Future analyses of groundwater from the three monitoring wells will be used to determine if
groundwater quality has changed from the baseline, pre-operations condition. The constituents to be
monitored are based on residual constituents potentially contained in the wastewater discharged to the
TEDF. These constituents are discussed in the sections that follow in the context of the baseline
groundwater monitoring results. as discussed in Section 2.3.4. Also discussed are the corresponding
analytical methods to be used. Constituents to be sought and their highest allowable concentrations
are listed in Table 3-.
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Figure 3-1. Optimization Modeling for Upgradient Well.
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Table 3-2. Analytes to be Monitored in the Treated Effluent Disposal Facility Wells.
(from Washington State Waste Discharge Permit ST-4500. 1995)

Constituent or chacteristic Highest allowable concenration (PPB) unless noted
Constient orchametristieis.c

acetone 160

ammonia 1.000

benzene .1

cadmium, total 10

chloroform 6.2'

copper. total 70

lead. total 50

mercury. toWa 2

pH. in pH units 6.5 to 8.5

sulfate 30.000

tenahydrofuran 100'

total dissolved solids 500,000

gross alpha (pCI/L)h monitor only'

gross beta (pCi/L)h monitor only"

stronium-90 (pCi/L) monitor only"

tritium (pCi/L)" monitor only"

Note: Enforcement limits shall be mct in groundwaters collected from monitoring well numbers 699-48-77C and 699-48-77D.
Defined as the ae--age of all measurements from a well during a quarterly reporting period. The four quarters are .
defined as Jane:. ough March. April through June, July through September. and October through December. At
ieast one (1) sanmle will be analyzed and reported for each of the above constitents during each quarter.
Parts oer billion Imicrogrzms per liter). pCi/L (picoCurie per liter).
Noncomopiance *,:,n these ermit imits. up the wazer-qualiry-based limit per Chapter 173-200 WAC, if one exists, is
not subject to .erairy but is subject ro the requirements of Special Condition No. 4.
Constituents which require 'monitoring only" have not been assigned permit limits or early warning values, but must be
sampled, analyzed, and reported by the Perminee pursuant to this permit.

3.4.1 Turbidity and Other Field Parameters

Turbidity will be measured in the field to ensure consistent sample quality (see
Section 2.3.4. 1). Quadruplicate measurements of pH. SC, temperature. alkalinity, and turbidity will
be made. Measurements of temperature, alkalinity, and turbidity will be made prior to groundwater
sample collection. These measurements will aid in determining if groundwater quality is changing
from the baseline. pre-operations condition.
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3.4.2 Cations and Anions

Total cation milliequivalens (calcium, magnesium, potassium, and sodium), total anion
milliequivalents (nitrate, sulfate, chloride, and alkalinity), SC, and TDS will be evaluated by means of
the equations noted in Section 2.3.4.2. The results of the evaluation of anion and cation analyses will
be used to confirm the results of SC measurements. The differences between water quality in the
upgradient well (699-48-77A) and the two downgradient wells (699-48-77C and 699-48-77D), as well
as differences in each monitoring well for different sampling dates, will be evaluated based on results
of the cationic and anionic analyses.

3.4.3 Metals

Total dissolved metals will be analyzed in groundwater samples from each well. The metals
that will be sought are listed in Table 3-2. Both filtered and unfiltered samples will be analyzed for
metals for two reasons. First, the baseline water quality data reported in Section 2.3.4 show
considerable sensitivity to well construction or sampling variability when comparisons are made
between filtered and unfiltered samples. Analyses of both types of samples will aid in identifying
these sensitivities. Second, strict criteria for consistency in the maximum allowable purging and
sampling rates will be imposed to ensure that the sampling rate is-commensurate with the pumping
rate used duiing well development. These criteria are imposed to limit sample turbidity to acceptable
values (see Section 2.3.4. 1). Analytical data for metals sought in samples of groundwater collected
during facility operation will be compared with pre-operation data to evaluate changes, if any, in
groundwater quality.

3.4.4 Organic Compounds

Analyses will be made both for gross indicators of organic compounds and specific organic
compounds. Samples for TOX and TOC will be collected and analyzed in quadruplicate because of
the large known variability in analytical results for TOX and TOC. These data will be compared
with the baseline data collected before TEDF operations begin to assess changes, if any, in
groundwater quality. Specific organic compounds that will be sought are listed in Table 3-2.

3.4.5 Radionuclides

Radionuclides have been identified as potential residual constituents of wastewater discharged
to the TEDF. Analyses will be made for gross indicators and specific isotopes (listed in Table 3-2).
These data will be compared with the baseline data collected before TEDF operations begin to assess
changes. if any, in groundwater quality.

3.5 STATISTICAL EVALUATION OF GROUNDWATER MONITORING DATA

TBD BY CHARISSA
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3.6 SAMPLING AND ANALYTICAL PROTOCOL

This section describes or references procedures for well purging, documentation of sample
collection methods, chain-of-custody requirements, and laboratory analyses. Detailed descriptions of
standard sampling and analysis procedures for specific analytes are provided by reference to the

corresponding environmental investigations instructions (Els) (WHC 1988). Subcontractors will be
contractually required to perform work according to preapproved standard operating procedures.

3.6.1 Well Purging

All sampling activities performed at the well sites will be recorded in the proper field
logbook, as specified by Ell 1.5, Field Log Books. Hydrostar pumps will continue to be used in
existing monitoring wells for purging and sampling. Prior to sampling each well, the static water
level will be measured and recorded as specified by El 10.2, Measurement of Groundwater Levels.
Based on the measured water level and well construction specifications, the volume of water in the
well will be calculated and documented in the well sampling form and field notebook. As specified
by EII 5.8, Groundwater Sampling, each well will be purged prior to sampling until the approved
criteria are met. Purgewater will be managed according to EH 10.3, Purgewater Management. For
instances in which the well is pumped dry because of very slow recharge, the sample will be collected
after recharge. Samples will be collected and preserved in the field as specified by EH 5.8.
Sampling personnel have the option not to decontaminate equipment if either single-use or dedicated
sampling equipment is used.

The purge and sample collection pumping rates used at each of the three monitoring wells will
be limited in accordance with the following criteria (see also Section 2.3.4). The monitoring wells
were constructed to RCRA standards (WHC 1992) and were developed to a turbidity of less than
<5 NTU. Hence. the pumping rate will be sufficiently slow and/or the pumping duration lengthened

to achieve 55 NTU before samples are collected. Well 699-48-77A will be purged and samples
collected at a pumping rate no greater than 5 L/min (1.5 gal/min). Well 699-48-77C will be purged
and samples collected at a pumping rate no greater than 5 L/min (1.25 gal/min). Well 699-48-77D
will be purged and samples collected at a pumping rate no greater than 42 L/min (11.1 gal/min).

3.6.2 Sample Collection

After the wells have been purged in accordance with the turbidity criteria described in
Section 3.6.1, quadruplicate measurements of-pH, SC, alkalinity, and temperature will be made to
verify stability of the groundwater during sampling. The four replicate measurements will allow
statistical evaluation of these indicator parameters to be made for subsequent use in evaluating water
quality. After samnie bottles are filled. they will be placed in an insulated cooler. containing ice for
transport to the laboratory.

3.6.3 Sample Analysis

Table 3-2 identifies constituents of concern monitored in groundwater at the TEDF.
Corresponding analytical methods were selected from those listed in SW-846 (EPA 1992).
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The analyses will be performed in a Washington State accredited laboratory. Laboratorv QA
requirements will, at a minimum, comply with the Hanford Analytical Services Quality Assurance
Plan (DOE-RL 1994b).

3.6.4 Quality Control

The QC program is based on Chapter One of SW-846, "Quality Control" (EPA 1992).
Analytical samples are subject to in-process QC measures in both the field and laboratory.

QC samples prepared without the knowledge of the analytical laboratory are called "external"
QC samples; QC samples prepared by the analytical laboratory and used to establish and continue the
quality of the analytical laboratory are called "internal" QC samples. Two types of external QC
samples will be collected and used to evaluate quality in the field and laboratory: (1) a field duplicate
sample and (2) two different types of blank samples. One duplicate sample will be collected during
each sampling event and will be analyzed for all of the constiments listed in Table 3-2. A daily trip
blank sample will be collected for each day that wells are sampled. One transfer blank sample will be
collected during each sampling event. Both blank samples will be collected and analyzed only for
volatile organic constituents.

The internal QC samples analyzed in the laboratory will consist of (1) matrix duplicate or
matrix-spike duplicate samples, (2) laboratory control samples, (3) surrogate compound-spiked
samples, (4) reagent-blank samples. and (5) calibration-check samples. These QC samples meet the
minimum requirements, as applicable, for each analytical method specified in Table 3-2.

If the integrity of laboratory data is compromised, the analytical laboratory will notify the
data user via nonconformance reports and/or records of decision.

3.7 TRITIJM TRACKNG

Section SY.B of Permit ST-4500 requires the perminee to identify groundwater monitoring
wells that will comprise the tritium tracking network for the facility and to report the results from this
monitoring network at least annually. The network will monitor the location, concentration, and
movement in groundwater of tritium discharged to the TEDF. This section describes the current
monitoring of tritium in groundwater near the disposal facility and describes the wells that will be
used to monitor facility operation.

3.7.1 Current Tritium Monitoring in the Vicinity of the Disposal Facility

Numerous wells in the immediate vicinity of the disposal facility are currently monitored for
tritium. This monitoring occurs in conjunction with RCRA groundwater monitoring by WHC for the
Low-Level Waste Burial Grounds (LLWBG), and the sitewide Groundwater Surveillance Project.
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Figure 3-2 illustrates the results of tritium monitoring for Low-level Waste Management Area
5 (LLWMA-5) and the Groundwater Surveillance Project. A tritium plume is emanating from an as-
yet undetermined source (Dresel et al. 1994) southeast of the disposal facility and due south of
LLWMA-5. As the histograms in Figure 3-2 show, little change has occurred in the concentration of
tritium at LLWMA-5 since the first quarter of 1993 (Mercer 1995). Currently, the northwest edge of
the tritium plume is roughly 760 m (2.500 ft) southeast of the disposal facility.

Figure 3-3 shows nearby wells in the potential flow paths effluent discharged to the disposal
site. Most of these wells are currently monitored for tritium by the Groundwater Surveillance
Project. Sampling schedules and constituent monitoring lists for these wells are provided by Bisping
(1995). Most wells shown in Figure 3-3 that are not currently sampled are serviceable and could be
sampled for tritium, if needed. The wells furthest from the disposal site would be needed only after
several decades of facility operation, based on travel times estimated for the treated effluent (see
Section 2.4).

3.7.2 Wells Identified to Track Migration of Tritium from the Disposal Site

Figure 3-4 shows all serviceable groundwater monitoring wells near the facility. Each of.
these wells currently is being monitored for tritium on a quarterly;semiannual, or annual basis by the
RCRA/Operational Monitoring Program, Liquid Effluents Program, or the Groundwater Surveillance
Project. Consequently, these wells are proposed as the tritium tracking wells required by the
discharge permit. Table 3-2 lists pertinent information for the wells and Appendix E provides well
construction details.

Four of the wells; 699-48-77C. 699-48-77D, 699-48-71, and 699-51-75 are hydraulically
downgradient of the disposal site. Well 699-48-71, although technically downgradient, is not within a
probable flow path of the treated effluent. Nevertheless, it was also selected for monitoring because
of its proximity to the facility.

Well 699-48-77A and 18 wells around the LLWBG facilities are to the south and are
hydraulically upgradienr from the disnosal site. These wells were selected for inclusion in the tritium
tracking network primarily for two reasons: to monitor potential encroachment by the tritium plume
emanating from the area southeast of the facility, and to provide for the contingency that treated
effluent discharged to the facility could flow southward (down slope) along the top of the relatively-
irnperneable Plio-Pleistocene/early Palouse soil unit. As noted in Section 3.7.1, historical trends and

-hydrogeologic data do not indicate that such encroachment is likely. However, monitoring of the
tritium plume emanating from within the 200 West Area will continue to determine whether the
changing hydraulic potential in the area changes the current direction of movement of this tritium
plume, and to distinguish this plume from that which will emanate from the disposal facility.

If tritium monitoring in any well identified in Table 3-3 is discontinued by the existing
programs, the importance of the well to the tritium tracking network established for Permit ST-4500
will be reevaluated by the Liquid Effluents Program. If the need for continued monitoring of the well
is determined to be critical. based on prevailing hydraulic conditions, tritium sampling and analysis
will be continued.
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Figure 3-2. Tritium Concentrations in Groundwater in the Vicinity of the Disposal Facility.
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Table 3-3. Groundwater Monitoring Wells Used for Tritium Tracking Network at State-Approved
Land Disposal Sites.

Well location Well Current tritium
Well number relative to construction Hydrogeologic unit and location of screen sampling frequency

facility standard I

299-W6-5 upgradient I RCRA Ringold: unconfined upper portion of aquifer SA

299-W6-6 upgradient RCRA Ringold: unconfined. lower portion of aquifer SA

299:W6-7 upgradienr RCRA Ringold: unconfined. upper pardon of aquifer SA

299-W6-8 upgradient RCRA Ringold: unconfined. upper portion of aquifer SA

299-W6-11 upgradient RCRA Ringold: unconfined, upper portion of aquifer SA

299-W6-12 upgradient RCRA Ringold: unconfined. upper portion of aquifer SA

299-W7-1 upgradient RCRA Ringold: unconfined, upper portion of aquifer SA

299-W7-2 upgradienE RCRA Ringold: unconfined. upper portion of aquifer SA

299-W7-3 upgradien f RCRA Ringold: unconfined. lower portion of aquifer SA

299-W7-5 upgradient RCRA Ringold: unconfined. upper portion of aquifer SA

299-W7-6 upgradient RCRA Ringold: unconfined. upper portion of aquifer SA

299-W7-7 upgradient RCRA Ringold: unconfined. upper portion of aquifer SA

_!99-W7-8 upgraint RCRA Ringold: unconfined. upper portion of aquifer SA

299-W7-9 upgradient RCRA Ringold: unconfined, upper portion of aquifer SA

299-W7-11 upgradient RCRA Ringold: unconfined. upper portion of aquifer SA

299-W7-12 ugradient RCRA Ringold: unconfined. upper portion of aquifer SA

299-W8-1 upgradient RCRA Ringold: unconfined. upper portion of aquifer SA

699-68-71 downgradienf pre-RCRA Ringold: water table SA

699-48-77A upgradien RCRA Ringold unit B: confined, upper portion of Q
aquifer

699-48-77C downgradient RCRA Ringold unit E: confined, mid-to-lower Q
- portion of aquifer

699-48-77D downgradient RCRA Ringold unit E: confined, upper portion of . Q
aquifer

699-49-79 downgradient pre-RCRA Ringold A

699-51-75 downgradient pre-RCRA Ringold: confined (3) A

A =
SA =

Q =

annually
semiannually
quarterly
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3.7.3 Evaluation of Monitoring Network

Groundwater flow velocities and tritium travel times from the discharge site to the Columbia
River have been estimated by numerical modeling and direct-measurement techniques (see Section
2.4). Based on these methods, the time required for tritium discharged to the disposal site to be
observed at groundwater monitoring wells surrounding the facility can be estimated. The current
estimates will be updated based on the results of groundwater flowmeter measurements and
consequent refinement of modeling input data. The increased hydraulic head from facility operation
will also be determined and accounted for in model predictions.

If the arrival time of treated effluent at selected downgradient monitoring wells significantly
differs from the times predicted by flowmecer and modeling methods, consideration may be given to
installing additional monitoring wells. If needed, these wells would provide additional areal coverage
to ensure interception of the created effluent. The differential between predictions and observations
that will be allowed before new wells are installed will be determined by the facility compliance
officer.

3.8 UPDATE OF NUMERICAL A NALYSES OF THE EFFECTS OF FACILITY
OPERATION ON TEE UPPERMOST AQUIFER

In accordance with the requirements of Special Condition S7.B of State Discharge Permit
ST-4500, this section contains plans for updating and maintaining predictive, computer-encoded
conceptual and numerical models of groundwater flow and tritium transport for treated effluent
originating at the TEDF. The revised and recalibrated models will be used to update the groundwater
flow and contaminant transport predictions described in Section 2.4.3. Update of those 1991 analyses
will be accomplished by using current information on the volume, composition. and durations of
treated effluent discharges to the facility, site-specific hydrogeologic information collected since the
date of the last analyses. and by using water-quality and hydraulic-head data collected from tritium-
tracking wells (see Section 3.7) during the initial 5-yr period of facility operation authorized by the
current discharge permit.

The updated prediction will be revised at least once during the 5-yr term of each successive
discharge permit issued during the operating life of the facility. After each recalibracion of the
model, groundwater flow and tritium transport will be simulated to revise the prediction of the time
required for tritium to travel from the TEDF to the Columbia River, and its concentration at the time

-and location of its arrival at the river.

3.8.1 Initial Baseline Analysis Update

Predictions of the movement of tritium from the TEDF to the Columbia River previously
were made by Golder Associates and published as WHC reports (Golder Associates 1990, 1991).
After these reports were issued, the assumptions for the effluent to be processed by the ETF and the
expected schedule for operating the ET drastically changed. Before construction of the ETF began,
the need to operate the 242-A Evaporator to concentrate liquid wastes from the tank farms has
diminished and wastewater previously expected to feed the ETF has not materialized because of the
shutdown of the PUREX Plant.
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Consequently, assumptions based on the previously projected volume of effluent to be
discharged, earlier estimates of the concentration of tritium in that discharge, and past predictions of

the durations and rates of the discharge are no longer valid. These assumptions will likely continue to

change as various 200 Area facilities are deactivated, and waste management and groundwater
remediation plans are revised and refined. In addition, newer,.more detailed hydrogeologic
information and more sophisticated numerical models have become available since 1991.
Collectively, these developments make the 1991 predictions by Golder Associates of tritium travel
time and downgradient concentrations outdated.

Newly reported data include:

* Refinement of site-specific hydrostratigraphic information based on lithologic logging of
monitoring wells 699-48-77C and 699-48-77D (Section 2.3.2.2)

* Results of hydraulic testing in three zones of the uppermost aquifer intercepted by well
699-48-77C (Section 2.3.3.3)

* Direct measurement of the direction and velocity of groundwater flow in the three
monitoring wells immediately adjoining the TEDF (Section 2.3.3.4)

- The results of previously unreported infiltration tests at the TEDF site (Section 2.3.6.2)
and analyses of sediment chemistry (Section 2.3.6.3).

The timing of the recalibradion of the flow and transport models during the initial 5-yr term of
the discharge permit will depend. in part. on when tritium is first observed in wells closest to the
TEDF. Once tritium is detected on one or more of the wells, recalibration of the models using the
well observation data will be initiated. Alternatively, if tritium is not detected by a monitoring well
during the first 4 yr of TEDF operation. recalibration of the 1991 model will proceed using all other
information that has become available since 1991. In either case, the results of the initial
recalibration will be published at least 6 months prior to the end of the 5-yr term of the permit, or
within 6 months of initial detection of tritium from the facility in an observation well.

3.8.2 Periodic Recalibrations

After expiration of the initial 5-yr term of the discharge permit, periodic recalibrations of the
groundwater flow and tritium transport models will be needed as additional monitoring data become
available from the tritium tracking wells. Consequently, at least one recalibration and updated
prediction of tritium transport will be completed during the term of each 5-yr permit issued during the
life of the facility.

Because the current permit is valid only for effluent treated by the ETF that originates from
the 242-A Evaporator, additions of effluent from other sources for treatment at the ETF would
require application to Ecology for revision of the current discharge permit or issuance of a new
permit. In these instances. recalibration of the conceptual and numerical models using new scenarios
for the volumes and compositions of effluent to be treated by the ETF would be needed as supporting
information for the new or revised application. Potential sources of effluent to be treated at the ETF
include, for example, contaminated water pumped from wells in the 200-UP-1, 200-ZP-1, or other
groundwater operable units.
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4.0 REPORTIG OF MONITORING RESULTS

Chapter 2.0 of this report is the Pre-operational Groundwater Monitoring Report required by

Section S7.A of State Waste Discharge Permit No. ST-4500. Chapter 2.0 sunmarizes all

groundwater monitoring data from the three wells prior to startup of facility operations. Chapter 3.0

is the Groundwater Monitoring Plan required by Section S7.B of the permit. Chapter 3.0 conveys the

plans for evaluating the effects of the facility's operation on groundwater quality and documenting its
compliance with applicable groundwater quality standards.

After startup of facility operations, quarterly monitoring of the two downgradient wells and

the upgradient well will continue (Table 4-1). The applicable data from the monitoring for
constituents listed in Section S1.A of the permit will be issued in quarterly reports, in compliance

with permit Section S7.C. The data in these reports will be compared to the Enforcement Limits and

Early Warning Values in groundwater as described, respectively, by Sections S1.A and S1.C of the

permit. Any additional monitoring of pollutants using test procedures specified by the permit will be

ncluded in calculation and reporting of data submitted in the discharge monitoring report, as required

>y Section G17 of the permit. All reports submitted will be signed and certified in accordance with

Section G18 of the permit.

Table 4-1. Schedule for Monitoring of Wells.

Well Aquifer Sampling frequency Waer level Well construction standard

699-48-77A Uppermost Quarterdy Monthly RCRA p

699-48-77C' Uppermost Quarterly' Monthly RCRA

69948-77D Uppermost Quarterly ( Monthly RCRA

Quarters are defined as January though March. April through June. July through September. and October through
December.
Enforcement Limits and Early Warning Values will be met in groundwater collected from the points of compliance in
these wells.

The tritium tracking plan required by Section 57.B of the permit is Section 3.7 of Chapter 3.0
i this report. The tritium sampling results required by Section 57.B of the permit will be issued as

art of the annual report for RCRA groundwater monitoring projects at Hanford Site facilities.

The plan for updating and maintaining the computer-encoded numerical models of
roundwater flow and tritium transport that is required by Section S7.B of the permit is provided in

ection 3.8 of this report. Section 3.8 includes plans for updating the modeling results reported in
ection 2.4.2. The updated results will be used to predict (1) tritium arrival times at the groundwater

tonitoring wells identified in Section 3.7 and at the Columbia River, (2) tritium concentrations within

e area of its predicted areal extent in the uppermost aquifer, and (3) to describe of how the
redictions will periodically be recalibrated using the well-monitoring data. Reports of the periodic
adel recalibrations, using the tritiurn tracking data required by Permit Section S7.B will be issued at

ast once per 5-yr permit cycle.

All associated records will be maintained in accordance with Section G12 of the permit, and
specified by WHC implementation procedures. The reports will be maintained in various forms

id locations which will be accessible at the 200 Area TEDF offices. i
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Table 6-2. Unit Process: Operating Personnel Requirements (Staff Hours)
(Boomer et al. 1994).

Pumping and sluicing U

Hydraulic retrieval *

Sludge wash 0

Cesium removal 0

Other radionuclide removal 0

Low-level waste vitrification 0

Low-level waste disposal 0

High-level waste vitrification 1.97E7'

High-level waste transportation and disposal *

Emptied single-shell tank closure *

Emptied double-shell tank closure *

Total (Staff hours) 1.97E71

Notes:

*Data is outside the scope of this document.

'Total operating personnel are accounted from hot operations. startup, and decontamination and
decommissioning.

Hot operations
(620 persons) (1812 hours/year)(14 years) = 1.57E7 hours

Startup
(620 persons)(1812 hours/year)(2 years) = 2.25E6 hours

Decontamination and decommissioning
(620 persons)(1812 hours/year)(l.5 years) = 1.69E6 hours

Total = 1.9727 hours

For additional backup information. see Appendix B.

Boomer, K. D., J. M. Colby, T. W. Crawford, J. S. Garfield, J. D. Galbraith, C. E. Golberg,
C. E. Leach, D. E. Mitchell, F. D. Nankani, B. 1. Slaathaug, L. M. Swanson, T. L. Waldo and
C. M. Winkler, 1994, Tank Waste Remediation System Facility Configuration Study,
WHC-SD-WM-ES-295, Rev. 0, Westinghouse-Hanford Company, Richland, Washington.
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Table 6-3. Operating Personnel Requirements (Staff Hours).

opering Personne; 'NoSeparations9

Nonexempt
Radiation worker 0
Nonradiation worker 1.70E6 2

Exempt + BU
Radiation worker 1.58E73
Nonradiation worker 2.06E64

Total (Staff hours) 1.96E7

.Notes:

Bu = bargaining unit.

'Assumes all exempt and bargaining unit personnel are radiation workers and all nonexempt personnel

are nonradiation workers. (Except during startup which assumes all personnel are nonradiation

workers.)

2Nonexempt nonradiation workers

Hot operations
(53 nonexempt)(1812-hours/year)(14 years) = 1.36E6 hours

Startup
(53 nonexempt)(1812 hours/year)(2 years) = 1.92E5 hours

Decontamination and decommissionine
(53 nonexempt)(1812 hours/year)(1.5 years) = 1.44E5 hours

3Exempt and bargaining unit radiation workers:

Hot operations
(227 E + 338 BU)(1812 hours/year)(14 years) = 1.43E7 hours

Decontamination and decommissionin2
(227 E + 338 BU)(1812 hours/year)(1.5 years) = 1.54E6 hours

'Exempt and bargaining unit nonradiation workers:

Startup
(227 E + 338 BU)(1812 hours/year)(2 years) = 2.0626 hours

For additional backup information. see Appendix B.

..
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TITLE: SOURCE TERM AND RISK CALCULATION FOR WORKER EXPOSURE
Hours Pr Year = 2000

Alternative Vote Phawdneanmnoafon

Worker Pener Year PenRen * ILCFs RE.

Construction i

transfer Lines
Rod Zone
Non Rod Zone

Continued Operations
Rod Zone
Non Rod Zone

Retrieval
Rod Zone
Non Rod Zone

Treatment FacilitIes (SEP+LAW/HLW)
Rad Zone
Non Rod NEX
Non Rod EX

Treatment FacUlties (SEP+LAW)
Rod Zone
Non Rod NEX
Non Rad EX

Operations
Continued OperatIan
- Montoring SST, DST and MUSTS

Rod Zone,
Nonr Pad Zone,

-Operate 242A Evaporator
Rod Zone NEX
Rod Zone EX
Non Rod Zon

Retdieval
Rod Zone Nonexempt
Rad Zone Exempt
Non Rad Zone
BargaingUnit

Separate and Treat Waste (SEP/LAW/HLW)
Exempt
-Rod
-Non Pad
Non Exempt

-Non Rad
Borgairng UnI
-Rad
-Non Rod

Separate and Treat Waste (SEP/LAW)
Exempt
-Rad
-Non Rad
Non Exempt
-Rod
-Non Rod
Bargattrg unt
-Zad
-Non Rod

Storage and Disposal
Rod
Non Rod

Montoding and Maintenance
Rod
Non Rod

Post Remedlotlon

Closure
Rod Zone
Non Rod Zone

Mondoring of Find Waste Forn
Rad Zone
Non Rod Zone

14
a

T n no M na

n ra w

1000

0
102D4000
291ODM0

0
7.94E+06
2.22E+06

0.5

0
5102
1455

0
3970
1111

1.00E+07 5M
9 ?9

128E+06 640
3.0.+05 150
I.50+06 750

0.00E+00
4.00E404
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1.60E+05
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7.84E+05
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1.22E+06

0
20
0
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ro

7.00E-03

O.DOE+00
G.00E+00
0.00E+0

00c+00
o.0w+00
O.DM+00

no
no

2.80606
no

.0M+00
0.00E2+00
O.OOE+00

O.DDE+00
O.DOE+00
0.0M+00

70 2.80E-02 b
? ? b

128
0
0

0.00E+00
4.001+00
ODM+00
1.60E+01

9.28E+01
0.0M+00

1A4EM2
0.00E+00

122E402
ODM+00

5.12-02
010E+W
0.OE+00

O.OOE+00
1.6E-03

0.D0E+00
6AOE-03

3.71E-02
O.0UE+00

5,76102
4.S3+00

4.90E-02
O.0M+00

6.88E+05 344 6.88E+01 2.75-02
720E+05 360 0.M+00 0.0E+00

I A4E+06 720 1A4E+02 5.76E-02
1.54E+06 768 0.00E+40 .m+00

1.01E+06 504 1.0IE+02 4.035-02
1.01E+06 504 O.M+00 0.0E+00
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JACOBS ENGINEERING GROUP
ALTERNATIVE BREAKDOWN BY COMPONENT

1.0 NO ACTION

1.1 Construction - N/A

1.2 Operation
1.2.1 Continued Operations
-Management of operations
-Operate and maintain facilities and equipment
-Monitor tanks
-Monitor leak detection equipment
-Tank status reporting
-Security and surveillance of facilities
-Operate Evaporator (periodic operations to maintain waste volumes up through yr 2005)

-Evaporate all diluted slurry transfers to maintain waste volume
-Transfer waste additions to DSTs for accumulation and batch transfer wastes to and from the
evaporator
-Treat condensate at the Liquid Effluent Treatment Facility (LETF)

-Accept new wastes in DSTs (up to year 2005)
1.2.2 Retrieval - N/A
1.2.3 Separations - N/A
1.2.4 Treatment - N/A
1.2.5 Storage - N/A
1.2.6 Disposal - N/A
1.2.7 Monitoring and Maintenance - N/A(no immobilized HLW)

1.3 Post Remediation - N/A (no post remediation activities)
1.3.1 Decontamination and Decommissioning - N/A
1.3.2 Closure - N/A (no closure activities would occur)
1.3.3 Monitoring - N/A (no post remediation)

2.0 LONG-TERM MANAGEMENT

NOTE: The Long-Term Management alternative calls for retanking the DST wastes two times during the 100
year institutional control period. Each of the following construction activities (except for W-314) will occur
twice during the Long-Term Management alternative.

2.1 Construction
2.1.1 W-314 Transfer System Upgrade
-Replacement line from T Plant to the SY tank farm in 200 W
-Replacement line from PFP to the SY tank farm in 200 W
-Replacement lines within the 241-SY tank farm in 200 W
-A Farm Trunk line, replacement of the distribution lines going to the A tank farms in 200 W
-Replacement lines within the 241-AY/AZ tank farms in 200E
-204-AR replacement piping to replace the waste transfer line connecting the 204-AR truck and rail
unloading station with the DSTs in 200 E
-Miscellaneous diversion box and valve pit lining to provide leak containment.
2.1.2 Continued Operations
-Build replacement evaporator (build a new evaporator for each retanking campaign)

TWRS EIS PAGE 1October 18, 1995 COMPNT.LST



JACOBS ENGINEERING GROUP
ALTERNATIVE BREAKDOWN BY COMPONENT

-Build new DST at 50 year intervals
-26 new DSTs (54 total) to replace existing 28 DSTs
-Diesel generator building
-Gas sampling and stack monitoring facilities
-Administration building
-Tank ventilation systems
-Second retanking will have the required effluent treatment constructed with the new

evaporator

2.1.3 Retrieval
-Build tank retrieval systems

-Mixer pumps
-Transfer pumps and associated facilities as necessary
-Tank cooling systems
-Modifications to existing valve and pump pits
-Build DST transfer piping
-Connect existing DST facilities with new tank farms and new evaporator

2.1.4 Separations - N/A
2.1.5 Treatment - N/A
2.1.6 Storage - N/A
2.1.7 Disposal - N/A

2.2 Operation
2.2.1 Continued Operations
-Management of operations
-Operate and maintain facilities and equipment
-Monitor tanks
-Monitor leak detection equipment
-Tank status reporting
-Security and surveillance of facilities
-Operate 242-A Evaporator

-Evaporate all diluted slurry transfers to maintain waste volume
-Transfer waste additions to DSTs for accumulation and batch transfer wastes to and from the
evaporator
-Treat condensate at the Liquid Effluent Treatment Facility (LETF)

-First retanking will use Liquid Effluent Treatment Facility (LETF)
-Second retanking will have the required effluent treatment constructed with
the new evaporator

-Accept new wastes into DSTs (until yr 2005)
-Deactivate and stabilize empty DSTs

-Cap piping, seal entrances
-fill tank with gravel (not estimated in data package)
-Continue to stabilize and isolate SSTs (interim stabilization) (seal entrances, cap piping etc.)

2.2.2 Retrieval
-Retrieve DST wastes
-Direct transfer supernate to new DSTs
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JACOBS ENGINEERING GROUP
ALTERNATIVE BREAKDOWN BY COMPONENT

-Add dilution liquids to remaining wastes, run mixer pumps and slurry pump
-Process slurry through the evaporator
-Retrieve 99% of DST waste

2.2.3 Separations - N/A
2.2.4 Treatment - N/A
2.2.5 Storage - N/A
2.2.6 Disposal - N/A
2.2.7 Monitoring and Maintenance - N/A(no immobilized HLW)

2.3 Post Remediation - N/A (no post remediation activities)
2.3.1 Decontamination and Decommissioning
-D&D evaporator facilities following each retanking campaign.
2.3.2 Closure - N/A (no closure activities would occur)
1.3.3 Monitoring - N/A (no post remediation)

3.0 IN SITU FILL AND CAP
3.1 Construction

3.1.1 W-314 Transfer System Upgrade
-Replacement line from T Plant to the SY tank farm in 200 W
-Replacement line from PFP to the SY tank farm in 200 W
-Replacement lines within the 241-SY tank farm in 200 W
-A Farm Trunk line, replacement of the distribution lines going to the A tank farms in 200 W
-Replacement lines within the 241-AY/AZ tank farms in 200E
-204-AR replacement piping to replace the waste transfer line connecting the 204-AR truck and rail
unloading station with the DSTs in 200 E
-Miscellaneous diversion box and valve pit lining to provide leak containment.
3.1.2 Retrieval - N/A
3.1.3 Separations - N/A
3.1.4 Treatment
-Install gravel handling equipment for tank filling
-Modify tanks as required to accommodate gravel slingers (enlarge tank risers)
-Construct gravel storage sites for stockpiles, 4 stockpiles, 2 in 200E and 2 in 200W
3.1.5 Storage - N/A (no interim HLW storage)
3.1.6 Disposal - N/A (no construction of a disposal facility)

3.2 Operation
3.2.1 Continued Operations
-Management of operations
-Operate and maintain facilities and equipment
-Monitor tanks
-Monitor leak detection equipment
-Tank status reporting
-Security and surveillance of facilities
-Operating the 242A evaporator as a waste management activity (up to 2005)
-Accept new wastes into DSTs until yr 2005
3.2.2 Retrieval - N/A
3.2.3 Separations - N/A
3.2.4 Treatment
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JACOBS ENGINEERING GROUP
ALTERNATIVE BREAKDOWN BY COMPONENT

-Evaporate all excess DST liquids through the 242A evaporator
-Use a 30 cu meter/min (1000 cfm) exhauster to ventilate tanks
-Set up portable conveyors from gravel stock pile to slinger
-Install cyclone separators in HVAC system to remove particulate
-Operate gravel filling equipment, estimated 3 days to fill a tank at 50 mt/hr

3.2.5 Storage- N/A (no interim HLW storage)
3.2.6 Disposal
-Disposal would occur in the tanks following drying and filling operations
3.2.7 Monitoring and Maintenance - N/A (no operational phase monitoring of HLW product)

3.3 Post Remediation
3.3.1 Decontamination and Decommissioning
-D&D equipment
3.3.2 Closure
-Construct Hanford barriers

-Grout fill all MUSTs and ancillary equipment
-Barriers to be built over all tank farms and MUSTs

3.3.3 Monitoring and Maintenance
-Monitoring and maintenance activities would occur at the tank farms for 100 years following
closure.

4.0 IN SITU VITRIFICATION
4.1 Construction

4.1.1 W-314 Transfer System Upgrade
-Replacement line from T Plant to the SY tank farm in 200 W
-Replacement line from PFP to the SY tank farm in 200 W
-Replacement lines within the 241-SY tank farm in 200 W
-A Farm Trunk line, replacement of the distribution lines going to the A tank farms in 200 W
-Replacement lines within the 241-AY/AZ tank farms in 200E
-204-AR replacement piping to replace the waste transfer line connecting the 204-AR truck and rail
unloading station with the DSTs in 200 E
-Miscellaneous diversion box and valve pit lining to provide leak containment.
4.1.2 Retrieval - N/A
4.1.3 Separations - N/A
4.1.4 Treatment
-Construct tank farm confinement facilities (TFCFs). Construct a TFCF over each tank farm

-Assemble in sections adjacent to tank farms
-Construct foundation around perimeter of tank farm
-Assemble prefabricated sections (75' wide)
-Construct HVAC system
-Construct off gas treatment system

-Construct frit handling system to fill tank domes with sand
-Construct electrical power system

-New substation
-Several miles of 115 KVA transmission line
-Temporary runs of 115KVA lines from transmission line to individual farms

4.1.5 Storage - N/A (no interim HLW storage required)
4.1.6 Disposal - N/A (no construction of a disposal facility required, barriers addressed under post

TWRS EIS PAGE 4October 18, 1995 COMrr.LT



JACOBS ENGINEERING GROUP
ALTERNATIVE BREAKDOWN BY COMPONENT

remediation)

4.2 Operation
4.2.1 Continued Operations
-Management of operations
-Operate and maintain facilities and equipment
-Monitor tanks
-Monitor leak detection equipment
-Tank status reporting
-Security and surveillance of facilities
-Operating the 242A evaporator as a waste management activity (up to yr 2005)
-Accept new wastes into DSTs until yr 2005
4.2.2 Retrieval - N/A
4.2.3 Separations - N/A
4.2.4 Treatment
-Remove excess DST liquids in evaporator (5 years of continuous evaporator operation)
-Add required glass formers, sand to fill up tank dome spaces
-Vitrify wastes (includes tanks and area between resulting in the vitrification of the entire tank farm)
-Operate offgas treatment
-Collect and dispose of calcium sulfate from S02 scrubbing
-Treat liquids condensed in offgas system by collecting and trucking to the LETF
-Move equipment from tank to tank
4.2.5 Storage - N/A (no interim HLW storage)
4.2.6 Disposal
-Disposal would occur in place following vitrification
2.2.7 Monitoring and Maintenance
-Monitoring activities would take place at vitrified tank farms prior to closure

4.3 Post Remediation
4.3.1 Decontamination and Decommissioning
-D & D TFCFs and the vitrification equipment

-contaminated material and equipment disposed of onsite in LAW burial grounds
4.3.2 Closure
-Grout fill and construct Hanford barriers over all MUST tanks located outside of the tank farm areas
-Construct Hanford barriers

-Surface barriers would be installed over each tank farm after ISV complete

4.3.3 Monitoring and Maintenance
-Monitor and maintenance activities would take place at the tank farms for 100 years following
closure

5.0 EX SITU INTERMEDIATE SEPARATIONS
5.1 Construction

5.1.1 W-314 Transfer System Upgrade
-Replacement line from T Plant to the SY tank farm in 200 W
-Replacement line from PFP to the SY tank farm in 200 W
-Replacement lines within the 241-SY tank farm in 200 W
-A Farm Trunk line, replacement of the distribution lines going to the A tank farms in 200 W
-Replacement lines within the 241-AY/AZ tank farms in 200E
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-204-AR replacement piping to replace the waste transfer line connecting the 204-AR truck and rail
unloading station with the DSTs in 200 E
-Miscellaneous diversion box and valve pit lining to provide leak containment.
5.1.2 Retrieval
-Build retrieval and transfer system

-Waste transfer anmexes (2 in 200 East, 2 in 200 West)
-Waste storage and sampling facility (in 200 West used for cross site transfer)
-Piping, approx 40 miles of doublewall pipe (includes cross site transfer line)
-24 SST sluicing systems
-12 SST arm based systems with confinement structures
-Install mixer pumps in DSTs, 2 to 4 mixer pumps per tank
-Must retrieval and transfer system, retrieval similar to SST and DST tanks, transfer by
container

5.1.3 Separations 1
-Build pretreatment facility

-Pretreatment and LAW vit facility are combined
-Waste receipt and sampling
-Cesium ion exchange
-Pretreatment willautilize between 4 and 8 existing DSTs for in tank sludge washing
operations

5.1.4 Treatment
-Build support facilities

-Mechanical Utilities building (shared utilities)
-Cooling tower
-Cold chemical facilities
-Warehouses
-Fab shop, Mockup shop
-Fire protection facilities, storage and pumping
-Operations control, Operations support buildings
-Waste staging and sampling facility
-Power lines, substation, 2.5 kIn of 13.8 KV line

-Construct LAW vitrification facility
-Melter feed system
-Glass former handling system
-Fuel and oxygen system
-Evaporator
-Two 100 metric ton per day combustion melters
-Cullet quench and handling system
-Waste container handling system
-Offgas system

-Construct HLW vitrification facility
-Melter feed system
-Glass former handling system
-Evaporator
-One 20 metric ton per day joule heated HLW melter
-Offgas system
-Canister handling system
-Recycle streams
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5.1.5 Storage
-Construct HLW interim storage facility

-Storage pads for interim HLW Cask storage
5.1.6 Disposal
-Construct LAW disposal facility

-Vaults constructed throughout operational period
-Total of 46 vaults constructed below grade at 5,300 cu. meters per vault

5.2 Operation
5.2.1 Continued Operations
-Management of operations
-Operate and maintain facilities and equipment
-Monitor tanks
-Monitor leak detection equipment
-Tank status reporting
-Security and surveillance of facilities
-Operating the 242A evaporator as a waste management activity (until yr 2005)
-Accept new wastes in DSTs until yr 2005
5.2.2 Retrieval
-Retrieve wastes

-Sluice SSTs (110 tanks)
-Arm based retrieval (50 tanks)
-Slurry pump DST wastes
-Retrieve MUST wastes (sluice and/or arm based retrieval)

-Move retrieval/confinement systems tank to tank
-SST sluicing systems move 4 to 5 times
-SST arm based systems and confinement structures move 4 times

-Transfer wastes to vitrification plant
-Batch transfer wastes from 200W to 200E
-Batch transfer wastes to waste staging and sampling facility
-Container transfer MUST wastes

-Place contaminated tank internal equipment retrieved from the tanks and contaminated retrieval
equipment in burial boxes and dispose of at onsite burial grounds (10,000 cu. meters)
5.2.3 Separations
-Pretreat wastes to separate HLW and LAW streams

-Utilizes DSTs, in tank sludge wash plus enhanced wash with NaOH (could be done out of
tank)
-Remove cesium from wash liquids and put into HLW with ion exchange

5.2.4 Treatment
-Operate LAW vitrification plant

-Receive and sample wastes
-Evaporate water from wastes
-Operate 2 combustion melters (feed streams of oxygen, kerosene, wastes, glass
formers)
-Glass at 25 wt % sodium oxide
-Quench molten glass to make cullet
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-Place vitrified cullet into canisters (32 cubic meter disposal containers)
-Size and dry cullet
-Mix with matrix material
-Place cullet and matrix material into containers
-Transport containers to the onsite LLW disposal vaults

-Operate HLW vitrification plant
-Receive and sample wastes
-Evaporate water from wastes
-Operate 1 joule heated melter, capacity 20 metric ton/day
-Glass at 45 wt % waste oxides
-Pour glass monoliths .68m dia x 4.57 m long
-Overpack glass into Hanford multi purpose canisters, 4 glass logs / cask

-Operate offgas treatment at both HLW and LAW plant
-Quench and cool offgas
-Remove radionuclides and recycle to process
-Destroy NOx and recover sulfur from S02

-Treat liquid effluent at both HLW and LAW plant
-Collect effluent in recycle tanks
-Sample and recycle off spec effluent, transfer on-spec to adjustment tank
-Adjust pH of on spec effluent
-Batch transfer to retention basin for later transfer to Liquid Effluent Treatment Facility

-Transport HLW casks to interim storage pads
-Take overpacked casks and transport from canister handling facility to storage pad

5.2.5 Storage
-Store vitrified HLW MPCs on-site on interim storage pads prior to transport to the proposed national
HLW repository
5.2.6 Disposal
-Transport casks to the proposed national HLW repository

-Rail transport, 171 trips, 10 casks on 10 rail cars each week (repository limited
to handling 2 casks per OD), transportation takes 3.3 years

-LAW disposal in on-site in retrievable disposal vaults
5.2.7 Monitoring and Maintenance
-Monitor and maintain stored casks

-Routine surveillance on 1,705 casks
5.3 Post Remediation

5.3.1 Decontamination and Decommissioning
-D&D facilities

-Entomb non-contaminated material
-Demolish and landfill contaminated facilities at LAW burial ground

5.3.2 Closure
-Close tank farms

-Barrier construction after completion of LAW vitrification
-Grout fill MUSTs and ancillary equipment
-Stabilize empty SSTs and DSTs by filling with grout or gravel

-Construct Hanford barriers (caps)
-Construct barrier over all tank farms and LAW disposal vaults

5.3.3 Monitoring and Maintenance
-Monitoring and Maintenance would take place at the tank farms and disposal vaults for 100 yrs
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following closure

6.0 EX SITU NO SEPARATIONS

6.1 Construction
6.1.1 W-314 Transfer System Upgrade
-Replacement line from T Plant to the SY tank farm in 200 W
-Replacement line from PFP to the SY tank farm in 200 W
-Replacement lines within the 241-SY tank farm in 200 W
-A Farm Trunk line, replacement of the distribution lines going to the A tank farms in 200 W
-Replacement lines within the 241-AY/AZ tank farms in 200E
-204-AR replacement piping to replace the waste transfer line connecting the 204-AR truck and rail
unloading station with the DSTs in 200 E
-Miscellaneous diversion box and valve pit lining to provide leak containment.
6.1.2 Retrieval
-Build retrieval and transfer system

-Waste transfer annexes (2 in 200 East, 2 in 200 West)
-Waste storage and sampling facility (in 200 West used for cross site transfer)
-Piping, approx 40 miles of doublewall pipe, includes cross site transfer line
-Subsurface barriers for SSTs, package currently assumes all SSTs will have barrier
-24 SST sluicing systems
-12 SST arm based systems with confinement structures
-Install mixer pumps in DSTs, 2 to 4 mixer pumps per DST
-Must retrieval and transfer system, retrieval similar to SST and DST tanks, transfer by
container

6.1.3 Separations - N/A (no high-level/low-level separations would be made)
6.1.4 Treatment
-Build support facilities

-Mechanical Utilities building (shared utilities)
-Cooling tower
-Cold chemical handling facilities
-Warehouses
-Fab shop, Mockup shop
-Fire protection facilities, water storage and pumping
-Operations control, Operations support buildings
-Waste staging and sampling facility (6 tanks @100 kgal each)
-Power lines, substation, 2.5 km of 13.8 KV line

-Build one vitrification or calcination plant (all waste processed would be considered HLW)
-feed system for the melter or calciner
-glass former handling system for the vitrification melter
-fuel and oxygen systems
-evaporator
-two 100 metric ton per day combustion melters
-two 50 mt per day calciners (same waste input as vitrification, no glass formers so 50% of
output)
-cullet quench and handling system
-offgas system
-recycle loops
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-Build canister handling and storage facilities
-canister facilities
-build interim storage pads

6.1.5 Storage
-Construct an on-site interim storage facility to store the vitrified or calicned HLW
6.1.6 Disposal
-All waste retrieved (assumed to be 99%) would be disposed of at the proposed national HLW
repository

6.2 Operation
6.2.1 Continued Operations
-Management of operations
-Operate and maintain facilities and equipment
-Monitor tanks
-Monitor leak detection equipment
-Tank status reporting
-Security and surveillance of facilities
-Operating the 242A evaporator as a waste management activity(up to 2005)
-Accept new wastes into DSTs (up to 2005)
6.2.2 Retrieval
-Retrieve wastes

-Sluice SSTs (110 tanks)
-Arm based retrieval (50 tanks)
-Slurry pump DST wastes
-Retrieve MUST wastes (sluice and/or arm based)

-Move retrieval/confinement systems tank to tank
-SST sluicing systems move 4 to 5 times
-SST arm based systems and confinement structures move 4 times

-Transfer wastes to vitrification plant
-Batch transfer wastes from 200W to 200E
-Batch transfer wastes to waste staging and sampling facility
-Container transFer MUST wastes

-Place contaminated tank internal equipment retrieved from the tanks and contaminated retrieval
equipment in burial boxes and dispose of at onsite burial grounds (10,000 cu. meters)
6.2.3 Separations - N/A (no separations would be done)
6.2.4 Treatment
Operate vitrification plant

-Receive and sample wastes
-Evaporate water from wastes
-Operate 2 combustion melters (feed streams of oxygen, kerosene, wastes, glass

formers)
-Glass at 25 wt % sodium oxide
-Quench molten glass to make cullet

-Place vitrified cullet into canisters (22,481 canisters @ 10 cu. meters each)
-Size and dry cullet
-Transfer cullet to canisters
-Weld and decontaminate canisters
-Overpack canisters into multi purpose overpack canister (1 canister per overpack)

TWRS EIS PAGE 10October 18, 1995 COMPNT.LST



JACOBS ENGINEERING GROUP
ALTERNATIVE BREAKDOWN BY COMPONENT

Operate Calcination plant
-Receive and sample wastes
-Evaporate water from wastes
-Operate two spray calciners
-Compact calcined wastes into briquettes
-Place briquettes into canisters (10,300 canisters @ 10 cu. meters each)

-Cool briquettes prior to placement into canisters
-Weld and decontaminate
-Overpack canisters into a multi purpose overpack canister (1 canister per overpack)

Common to Vitrification or Calcination
-Operate offgas treatment

-Quench and cool offgas
-Remove radionuclides and recycle to process
-Destroy NOx and recover sulfur from S02

-Treat liquid effluent
-Collect effluent in recycle tanks
-Sample and recycle off spec effluent, transfer on-spec to adjustment tank
-Adjust pH of on spec effluent
-Batch transfer to retention basin for later transfer to Liquid Effluent Treatment Facility

-Transport casks to storage pads
-Take overpacked casks and transport from canister handling facility to storage pad

-Transport casks to HLW repository
-Rail transport, 10 casks on 10 rail cars each week, 2248 trips for vitrification 1,030 trips
for calcination (repository limited to handling 2 casks per OD)

6.2.5 Storage
-Store canisters of HLW on interim storage pads pending shipment to the proposed national HLW
repository
6.2.6 Disposal -N/A (no on-site disposal)
6.2.7 Monitoring and Maintenance
-Monitor and maintain stored HLW canisters

6.3 Post Remediation
6.3.1 Decontamination and Decommissioning
-D&D facilities

-Entomb non contaminated in place
-Demolish and landfill contaminated facilities at LAW burial ground

6.3.2 Closure
-Close tank farms

-Grout fill MUSTs and ancillary equipment
-Gravel fill empty DSTs and SSTs

-Construct surface barriers
-Surface barrier to be installed over every tank farm

6.3.3 Monitoring and Maintenance
-Monitoring activities would take place in the tank farms for 100 years following closure

7.0 EX SITU EXTENSIVE SEPARATIONS
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7.1 Construction
7.1.1 W-314 Transfer System Upgrade
-Replacement line from T Plant to the SY tank farm in 200 W
-Replacement line from PFP to the SY tank farm in 200 W
-Replacement lines within the 241-SY tank farm in 200 W
-A Farm Trunk line, replacement of the distribution lines going to the A tank farms in 200 W
-Replacement lines within the 241-AY/AZ tank farms in 200E
-204-AR replacement piping to replace the waste transfer line connecting the 204-AR truck and rail
unloading station with the DSTs in 200 E
-Miscellaneous diversion box and valve pit lining to provide leak containment.
7.1.2 Retrieval
-Build retrieval and transfer system (identical to Extensive Retrieval (Ex Situ Vitrification))
7.1.3 Separations
-Build pretreatment facility, the separations facility and the HLW facility are combined(similar to but
more extensive than the facility for Extensive Retrieval (Ex Situ Vit)
7.1.4 Treatment
-Build support facilities
-Construct LAW vitrification facility (200 mt/day)
for LAW

-Construct HLW vitrification facility (1 mt/day)
7.1.5 Storage
-Construct an interim storage facility for the vitrified HLW
7.1.6 Disposal
-Construct LAW disposal facility
-Construct sulfur cement handling and transfer system

7.2 Operation
7.2.1 Continued Operations
-Management of operations
-Operate and maintain facilities and equipment
-Monitor tanks
-Monitor leak detection equipment
-Tank status reporting
-Security and surveillance of facilities
-Operating the 242A evaporator as a waste management activity (up to 2005)
-Accept new wastes in DSTs
7.2.2 Retrieval
-Retrieve wastes
-Move retrieval/confinement systems tank to tank
-Transfer wastes to pretreatment facility
-Place contaminated tank internal equipment retrieved from the tanks and contaminated retrieval
equipment in burial boxes and dispose of at onsite burial grounds (4,000 cu. meters)
7.2.3 Separations
-Operate pretreatment facility
-Operate offgas treatment
-Treat liquid effluent
-Transfer HLW and TRU to HLW vitrification plant
-Transfer LAW to LAW vitrification plant

TWRS EIS PAGE 12October 18, 1995 COMPNTIST



JACOBS ENGINEERING GROUP
ALTERNATIVE BREAKDOWN BY COMPONENT

7.2.4 Treatment (treatment operations similar to Exsitu Intermediate Separations
-Operate HLW vitrification plant
-Operate LAW vitrification plant
-Transport vitrified HLW to proposed national HLW repository
-Vitrify TRU wastes in HLW vitrification plant
-Transport vitrified TRU wastes to WIPP
7.2.5 Storage
-Temporarily store vitrified HLW on site
7.2.6 Disposal
-Dispose of LAW on site in containers
7.2.7 Monitoring and Maintenance
-Monitor HLW storage

7.3 Post Remediation
7.3.1 Decontamination and Decommissioning
-D & D pretreatment facilities, vitrification facilities, HLW interim storage
-D & D equipment
7.3.2 Closure
-Close tank fanns
-Construct surface barriers

-Grout fill MUSTs and ancillary equipment
-Grout or gravel fill empty DSTs and SSTs
-Barrier to be placed over every tank farm and LAW disposal vaults

7.3.3 Monitoring and Maintenance
-Monitor LAW disposal and tank farms for 100 years following closure

8.0 EX SITU/IN SITU COMBINATION
8.1 Construction

8.1.1 W-314 Transfer System Upgrade
-Replacement line from T Plant to the SY tank farm in 200 W
-Replacement line from PFP to the SY tank farm in 200 W
-Replacement lines within the 241-SY tank farm in 200 W
-A Farm Trunk line, replacement of the distribution lines going to the A tank farms in 200 W
-Replacement lines within the 241-AY/AZ tank farms in 200E
-204-AR replacement piping to replace the waste transfer line connecting the 204-AR truck and rail
unloading station with the DSTs in 200 E
-Miscellaneous diversion box and valve pit lining to provide leak containment.
8.1.2 Retrieval
-Build retrieval and transfer system

-Waste transfer annexes (2 in 200East and 2 in 200West)
-Waste storage and sampling facility located in 200West, used for cross site transfer
-Piping to connect the tanks selected for retrieval and the transfer annexes and from the
transfer annexes to the cross site transfer system
-10 SST sluicing systems
-5 SST arm based systems with confinement structures
-Install mixer pumps in DSTs, 2 to 4 mixer pumps per DST

8.1.3 Separations
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-Build pretreatment facility
-Pretreatment and LAW vitrification facility would be combined
-Waste receipt and sampling
-Sludge washing
-Cesium Ion Exchange

8.1.4 Treatment
Wastes left in tanks (107 tanks)
-Install gravel filling equipment for tank filling
-Modify tanks as required to accommodate gravel slingers
-Construct gravel storage sites for stockpiles, 4 stockpiles, 2 in each area
-No construction required for radiofrequency drying, all equipment required will be trailer mounted.

Retrieved wastes (70 tanks)
-Build support facilities

-Mechanical Utilities building (shared utilities)
-Cooling tower
-Cold chemical facilities
-Warehouses
-Fab shop, Mockup shop
-Fire protection facilities, storage and pumping
-Operations control, Operations support buildings
-Waste staging and sampling facility
-Power lines, substation, 2.5 km of 13.8 KV line

-Construct LAW vitrification facility
-Melter feed system
-Glass former handling system
-Fuel and oxygen system
-Evaporator
-Two 50 metric ton per day combustion melters
-Cullet quench and handling system
-LAW container handling system
-Offgas system

-Construct HLW vitrification facility
-Melter feed system
-Glass former handling system
-Evaporator
-One 10 metric ton per day joule heated HLW melter
-Offgas system
-Canister handling system
-Recycle streams

8.1.5 Storage
-Construct storage pads for interim storage of vitrified H LW before transport to the repository
8.1.6 Disposal
-Construct LAW disposal facility

-Vaults constructed throughout operational period
-Total of 23 vaults constructed below grade at 5,300 cu. meters per vault
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8.2 Operations
8.2.1 Continued Operations
-Management of operations
-Operate and maintain facilities and equipment
-Monitor tanks
-Monitor leak detection equipment
-Tank status reporting
-Security and surveillance of facilities
-Operating the 242A evaporator as a waste management activity
8.2.2 Retrieval
-Retrieve wastes from selected tanks

-Sluice SSTs (60 tanks)
-Arm based retrieval (20 tanks)
-Slurry pump DST wastes

-Move retrieval/confinement systems tank to tank
-SST sluicing systems move 5 to 6 times
-SST arm based systems and confinement structures move 4 times

-Transfer wastes to vitrification plant
-Batch transfer wastes from 200W to 200E
-Batch transfer wastes to waste staging and sampling facility

-Place contaminated tank internal equipment retrieved from the tanks and contaminated retrieval
equipment in burial boxes and dispose of at onsite burial grounds (4,000 cu. meters)
8.2.3 Separations
-Pretreat wastes to separate HLW and LAW streams

-Utilizes DSTs, in tank sludge wash plus enhanced wash with NaOH
-Remove cesium from wash liquids using ion exchange, transfer cesium to HLW plant

8.2.4 Treatment
Wastes not retrieved (107 tanks)
-Evaporate pumpable DST liquids through the 242A evaporator (18 DSTs)
-Set up portable conveyors from gravel stock pile to slinger
-Install cyclone separators in HVAC system to remove particulate
-Operate gravel filling equipment, estimated 3 days to fill a tank at 50 mt/hr

Retrieved Wastes (70 tanks, 50% of total waste volume)
-Operate LAW vitrification plant

-Receive and sample wastes
-Evaporate water from wastes
-Operate 2 combustion melters (feed streams of oxygen, kerosene, wastes, glass
formers)
-Glass at 25 wt % sodium oxide
-Quench molten glass to make cullet

-Place vitrified cullet into containers (32 cubic meter containers)
-Size and dry cullet
-Mix with matrix material
-Transport LAW containers to LAW vaults

-Operate HLW vitrification plant
-Receive and sample wastes
-Evaporate water from wastes
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-Operate 1 joule heated melter, capacity 10 metric ton/day
-Glass at 45 wt % waste oxides
-Pour glass monoliths .68m dia x 4.57 m long
-Overpack glass into casks, 4 glass logs / cask

-Operate offgas treatment at both HLW and LAW plant
-Quench and cool offgas
-Remove radionuclides and recycle to process
-Destroy NOx and recover sulfur from S02

-Treat liquid effluent at both HLW and LAW plant
-Collect effluent in recycle tanks
-Sample and recycle off spec effluent, transfer on-spec to adjustment tank
-Adjust pH of en spec effluent
-Batch transferto retention basin for later transfer to Liquid Effluent Treatment Facility

-Transport HLW casksto interim storage pads
8.2.5 Storage
-Store MPC casks on site on interim storage pads
8.2.6 Disposal
-107 tanks disposed of jn situ following drying and gravel filling
-LAW disposed of on site in retrievable disposal vaults
8.2.7 Monitoring and Maintenance
-Monitor and maintain approximately 850 stored HLW canisters.

8.3 Post Remediation ,
8.3.1 Decontaninatipn and Decommissioning
-D&D facilities

-Entomb non-contaminated material/facilities
-Demolish and landfill contaminated facilities at LAW burial ground

8.3.2 Closure
-Close tank farms

-Barrier construction after completion of LAW vitrification
-Grout fill MUSTs and ancillary equipment
-Stabilize empty SSTs and DSTs that were selected for retrieval by filling with grout or gravel

-Construct Hanford barriers (caps)
-Construct barrier over all tank farms and LAW disposal vaults

8.3.3 Monitoring and Maintenance
-Monitoring and maintenance of disposal sites and tank farms for 100 years following closure

9.0 PHASED IMPLEMENTATION

The phased implementation alternative would consist of two LAW treatment plants using a treatment process
such as vitrification (or a similar process) to produce a stabilized waste form meeting DOE specifications.
The phased implementation alternative for LAW would operate for approximately 10 years and the HLW
plant would operate for approximately 6 years. Each of the LAW plants would treat approximately 1 million
gallons of DST liquid waste per year (equivalent to 20 mt/day of 20 wt% glass). A separate HLW facility
would be built to process HLW into a stabilized product with an operating capacity of I metric ton per day of
immobilized HLW.

9.1 Construction
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9.1.1 W-314 Transfer System Upgrade (M&I responsibility)
-Replacement line from T Plant to the SY tank farm in 200 W
-Replacement line from PFP to the SY tank farm in 200 W
-Replacement lines within the 241-SY tank farm in 200 W
-A Farm Trunk line, replacement of the distribution lines going to the A tank farms in 200 W
-Replacement lines within the 241-AY/AZ tank farms in 200E
-204-AR replacement piping to replace the waste transfer line connecting the 204-AR truck and rail
unloading station with the DSTs in 200 E
-Miscellaneous diversion box and valve pit lining to provide leak containment.
9.1.2 Retrieval
-Assumed that all DSTs have the necessary equipment and systems in place to pump out and transfer
liquid wastes to the receiver tanks. For the HLW retrieval functions retrieval equipment would be
installed in those tanks selected for HLW processing under separate projects.
-Build transfer lines from designated DST receiver tank to each LAW facility. Transfer lines would
consist of a supply line, a return line and a spare. Each LAW facility would have a designated DST
that would serve as a reciever tank.
-Build transfer lines (supply, return, spare) from the existing 200E waste transfer system to the HLW
facility.
-Build transfer lines from LAW plants to the existing waste transfer system for the transfer of
liquid effluents to the Liquid Effluent Retrention Facility or the Liquid Effluent Treatment Facility.
9.1.3 Separations
-Build pretreatment facilities, each LAW plant would have separations facilities
9.1.4 Treatment
-Build support facilities

-Support facilities would be constructed to provide operations support and utilities
-Overhead power lines from existing grid near the east fence of 200 East to each of the sites
-Water supply lines from the existing distribution to each of the sites

-Construct LAW treatment facilities (two facilities treating approximately 1 million gal. of waste per
year)
-Construct one HLW plant to process HLW from a specific group of DSTs. (HLW capacity 1
mr/day) note: the HLW plant would not process the HLW resulting from the separations at the LAW
facilities but would instead be provided a separate HLW stream. The HLW plant would be combined
with one of the LAW plants and would include:

-Evaporator
-One metric ton per day HLW treatment process
-Offgas system
-Canister handling system
-Recycle streams

9.1.5 Storage
-Construct HLW interim storage facility

-Assumed to be an onsite storage pad located in the same area as the interim HLW storage
pads for other Ex Situ alternatives

-Construct LAW interim storage facility
-Concrete storage pad located in the same area as the interim HLW storage pads for the all of
the Ex Situ alternatives.

9.1.6 Disposal- N/A for phased implementation LAW would be disposed of onsite in the follow on
phase and HLW would be stored for transport to the repository in the follow on phase.
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9.2 Operation
9.2.1 Continued Operations
-Management of operations
-Operate and maintain facilities and equipment
-Monitor tanks
-Monitor leak detection equipment
-Tank status reporting
-Security and surveillance of facilities
-Operating the 242A evaporator as a waste management activity
9.2.2 Retrieval
-Retrieve DST liquid wastes
-Transfer wastes to one of two DST receiver tanks designated as LAW feed tanks
-Transfer wastes from the receiver tanks to the LAW treatment facilities by pipeline
-Retrieve and transfer HLW from designated DSTs for HLW treatment.
9.2.3 Separations
-Pretreat wastes to separate HLW and LAW streams

-Treatment would involve separating the liquids and solids, treating the waste streams to
remove fission products, TRU and Tc-99, pumping the treated sludge back to DSTs,
transporting the separated fission products and Tc in casks to dry storage (Canister Storage
Building)

9.2.4 Treatment
-Operate LAW treatment plant and place immobilized LAW wastes into containers
-Operate HLW plant. If the HLW treatment plant is not implemented the separated HLW would be
placed in canisters for dry storage.
-Operate offgas treatment at both HLW and LAW plant

-Quench and cool offgas
-Remove radionuclides and recycle to process

-Liquid effluent at both HLW and LAW plants to be collected and transferred to the Liquid Effluent
Retention Facility or directly to the Liquid Effluent Treatment Facility.
-Transport HLW canisters to interim storage
-Transport LAW containers to interim storage facility prior to disposal onsite
9.2.5 Storage
-Store immobilized HLW on-site in the same manner as the immobilized HLW from all Ex Situ
alternatives proposed national HLW repository
-Store immobilized LAW on storage pads prior to onsite disposal
9.2.6 Disposal- N/A disposal would occur under the follow on phase
9.2.7 Monitoring and Maintenance
-Monitor and maintain stored casks

9.3 Post Remediation
9.3.1 Decontamination and Decommissioning
-D&D facilities, D&D of demonstration plants to take place following 10 year demonstration
phase (Clean Closure)
9.3.2 Closure
-Close tank farms
9.3.3 Monitoring and Maintenance

10.0 CESIUM / STRONTIUM CAPSULES
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JACOBS ENGINEERING GROUP
ALTERNATIVE BREAKDOWN BY COMPONENT

10.1 Construction
No Action

-N/A
Onsite Disposal

-Construct dry well storage site
-Storage site to be approx 38,000 square meters

Overpack and Ship
-Overpack in WESF

Vitrify with Tank Waste
-Build or modify a cell in the HLW vitrification facility to cutup, remove capsule

contents, and chemically treat if required and feed into the HLW vitrification feed
stream.

-Cell to be a part of the HLW vitrification facility.

10.2 Operation
No Action

-Continued storage in WESF basins for up to 10 years
Onsite Disposal

-Continued Operations, continued storage of the capsules in WESF
-Retrieve and inspect capsules
-Overpack capsules into canisters

-Overpack at WESF 2-4 capsules per canister
-Seal canisters, 584 total canisters

-Transport to dry well storage facility
-Place capsules in dry wells
-Monitor & maintain dry well storage

Overpack and Ship
-Continued operations, continued storage of the capsules in WESF
-Remove and inspect capsules
-Overpack capsules into canisters

-215 to 387 canisters total (The data package specifies the range of canister
based on the number of capsules overpacked per canister. Conservatively
assume the 387 number)
-Place canisters into Hanford multi purpose cask (MPC), 4 canisters per cask
-Transport to interim storage, casks to be stored with HLW casks from vit plant
-Monitor interim storage
-Transport to HLW repository

Vitrify with Tank Waste
-Continued operations, continued storage of the capsules in WESF

-- -Remove/transport capsules to processing facility
-Cut up capsules and remove Cs/Sr contents
-Chemically treat Cs/Sr if/as required for vitrification
-Blend with vitrification feed stream
-Decontaminate and crush empty capsule containers
-Transport empty capsule containers to onsite burial grounds
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JACOBS ENGINEERING GROUP
ALTERNATIVE BREAKDOWN BY COMPONENT

10.3 Post Remediation
No Action - N/A
Onsite Disposal

-Install intrusion prevention barriers (precast concrete blocks) over dry-wells
Overpack and Ship

-Close storage facility
Vitrify with Tank Wastes

-Close HLW storage facility
-D & D capsule processing cell

PAGE 20 COMPNT.LSTOctober 19, 1995 TWRS EIS



jHCOBS ENG GRP HRNFORD

Jacobs Engineering Group
3250 West Clearwater

Xfennewick, waskington 9P3,36

Talephone: (509)736-0616
Fax: 09) 736-7504

FAX TRANSMISSION COVER SHEET

Date: 2

aoIxvajt,To: Pi

Pa... b/2

Subj&ct /hfer rnf 1 )
s.ndw0 : K.UdQk j Qa-

aAoyGr

ktmvwy

Inc.

YOU SHOULD RECEvY S PAGE(S), INCLUDING THIS CovER SHEET IF YOU
DO NOT RECElVE ALL 27fF PAGES, PLEASE CALL.

ID:5097367504 SEP 26'95 15:02 No.018 P.01



SEP 26'95JHLubz, ENG GRP HRNFORD- ID:5097367504

MEMORANDUM

TO: TWRS EIS Team September 26, 1995
95-MN-055

FROM: Marc Nelson

SUBJECT; ALTERNATIVE NAMES

Attached is a list of revised names for the TWRS DEIS. In response to comments during the
PDFJS review we have attempted to simplify the names for the public and make the name reflect
the most important aspect of the alternatives. We have dropped the concept of a subalternative
for simplification.

MEN:ns

Attachment: Alternative Names

cc: Jacobs Hanford Staff
P. Rogers, ESE
3. Shrock, ESR
J. Kuhn, ESE
A. Nazarali, ASI
L. Dean, ASI
A. Bachrach, Jacobs
B. Bosan, Jacobs
K. Bostic, Jacobs
Project Filo

MM95MM.051\2.3

15:03 No.018 P.02



SEP 26'95 15:03 No.018 PJACOBS ENG GRP HANFORD ID:5097367504

ALTERNATIVE NAMES AND ORDER OF PRESENTATION
IN THE DEIS

NEW NAME
Tank Waste Alternatives

No Action

Long-Term Management

In Situ Fill and Cap

In Situ Vitrification

Ex Situ Intermediate Separations

Ex Situ No Separations

Ex Situ Extensive Separations

Ex Situ/In Situ Combination

-i4tR Implementation

P/1A at

PREVIOUS NAME

N/A

No Action

Fill and Cap

Minimal Retrieval (In Situ Vitrification)

Extensive Retrieval (Ex Situ Vitrification)

No Separations (Vitrification or Calcination)

Extensive Retrieval

Selective Retrieval

N/A

Capsule Alternatives

No Action

Onsite Disposal

Overpack and Ship

Vitrify with Tank Waste

No Action

Dry-Well Storage

Overpack and Ship

Vitrify with Tank Waste

deft vboerut"U."~r.aln



Page D-73
Insert 1300a

"The GENII computer program allows calculation of radiation 
doses to

individuals or the population from airborne and waterborne radionuclide
releases of radionuclides to the environment. Exposure pathways are included

for ingestion, inhalation, and external exposure routes. For the present

analysis, exposure pathways are included in the dose 
analysis for inhalation

of airborne activity, external exposure to airborne and deposited activity,

and ingestion of agricultural products grown in soil contaminated from
atmospheric deposition. Parameter values used in the analysis were as defined

by Schreckhise et al. (1993) for dose analyses performed for Hanford

activities. The parameters used for the individual and population dose
analyses are generally more conservative than those used for the baseline and

post-remediation analyses. The dose estimates generated by GENII were

converted to risk as described in Section D.2.2.4."

The reference citation for Schreckhise et al. 1993 is:

Schreckhise, R. G., K. Rhoads, J. S. Davis, B. A. Napier, and J. V. Ramsdell.

1993. Recommended Environmental Dose Calculation Methods and Hanford-Specific

Parameters. PNL-3777 Rev. 2. Pacific Northwest Laboratory, Richland,

Washington.

Page D-74
Insert 1300b

"The non involved maximum individual worker was assumed to be exposed from
int4alation and external radiation from the plume continuously throughout the
year and from deposited activity for half of the year (4380 hr/yr) . The non
involved worker population was assumed to be exposed from inhalation and
external radiation from the plume continuously throughout the year and from
deposited activity for one third of the year (2920 hr/yr). The dose from
inhalation of resuspended activity was evaluated using the mass loading
approach with a particulate air concentration of 100 gg/m3 for both the
maximum individual and population analyses."

Page D-74
Insert 1300c

"The assumptions for the general public maximum exposed individual andpopulation were the same as for the non involved workers (see D.2.2.3.2), plusconsideration of ingestion of contaminated farm products. The general publicmaximum exposed individual was assumed to ingest the following foods: leafyvegetables (82 g/d), root vegetables (600 g/d), fruit (900 g/d), grain (220g/d), beef (220 g/d), poultry (50 g/d), milk (740 g/d), and eggs (82 g/d).The individuals in the general population were each assumed to ingest thefollowing foods: leafy vegetables (41 g/d), root vegetables (383 g/d), fruit

and g/dgrai (197 g/d), beef (192 g/d), poultry (23 g/d), milk (630 g/d),

$TMCr+ The historical dose for a tank farm worker has been 14 millirems per year. This same
p7g) average is assumed for radiation workers during construction of the transfer lines, retrieval

system tie ins, and the tank farm confinement facilities. This same dose of 14 millirems per
iD-M year is also assumed for monitoring, maintenance, and closure activities. A dose of 200

millirems per year is assumed for personnel operating the evaporators, retrieval facilities,
separation and treatment facilities (both in situ and ex situ), and for processing the capsules.
The dose of 200 millirems per year is the average whole body deep exposure to operational
personnel at the PUREX plant during 1986. t
For atr asumd, tll Fad. iton.

ol-raiain &ewrc g the aferementioned-doses (WHC 1995,nd
JEG 1995). A dos a9 M. Im I vyns pevar s asmndy ,or C.psv w.. carieatv e

bY L l..



D.4.0 REMEDIATION RISK
This section presents the results of the assessment for radiological and toxicological risk during
remediation to remediation workers, non-involved workers, and the general public for each of the TWRS
alternatives and subalternative. The risks presented in this section were evaluated using the methodology
described in Section D.2.0. Under this methodology, remediation risk to the individual is expressed as the
probability that an individual will contract a fatal cancer as a result of exposure to a radioactive substance
and/or carcinogenic chemicals during the duration of the proposed project. In the case of an exposed
population, remediation risk represents the expected increase in latent cancer fatalities in the population at
risk of potential exposure. The toxic effects (such as nervous system disorders) resulting from chemical
exposure are also analyzed.

D.4.1 NO ACTION ALTERNATIVE
This section presents the anticipated remediation risks associated with the No Action alternative for tank
waste, as outlined in Appendix B of the EIS.

The radiological and toxicological risk for this alternative was based upon the air emissions from the
evaporator facility and the tank farms during continued operations. Direct exposure to the facility workers
from radiation fields in the work place would also add to the radiological risk. There would be no
construction, retrieval, pretreatment, treatment, storage, disposal, or waste transportation activities
associated with this alternative; therefore, there would be no risk from these components.

Evaporator operations would include maintaining the waste volume by the evaporation of all diluted slurry
transfers. Evaporator condensate would be treated in the liquid effluent treatment facility. Evaporator
operations would occur over a period of (ten ??? years) (WHC 1995).

Tank farm operations would include performing monitoring and routine maintenance at current levels
throughout the administrative control period, assumed to be 100 years for purposes of this analysis.
Monitoring the tanks would include in-tank temperatures, corrosion rates, tank pressure, stack gas
monitoring, stack gas sampling, annulus leak detection, pit leak detection, and other measurements.

D.4.1.1 Radiological Risk
A latent cancer fatality risk to the worker, non-involved worker, and general public receptors could result
from atmospheric emissions from the evaporator and tank farms. The risk was determined by analyzing
the radiological (and carcinogenic chemical) source term, transport mechanism, exposure, and the risk
associated with the exposure as discussed in the following subsections.

D 4 1 1 1 Snurce Term
Operating air emissions shown in Table D.4. 1.1 are the evaporator and tank farm source term for the non-
involved workers and the general public. The workers would receive a combined dose from the air
emissions and from direct exposure to radiation fields associated with the evaporator and tank farm
operations.

1



Source: Henderson, C. Personal Communication. Jacobs Engineering Group, Kennewick, WA.
September 1995.
Notes:
'Source: (WHC 1995), Table 5.6.
2 These emissions were analyzed without using decay equations. Total alpha is assumed to be Pu-239. Total beta is assumed
to be Sr-90.

D 4 1 1 9 Transport

Ground Releases he4J! t

The ta farm atmospheric radiological operating emissions were modeled as a ground release. For
modeling oses, it was assumed that the source term would be released at a point in the 2 eas

represented by e meteorological conditions at the Hanford Meteorological Station. analysis used the

Hanford Meteorol 'cal Station joint frequency data from 10 m (33 ft) abovegr d (Table D.35, Figure
D.3).

For ground releases, dilution e atmosphere would cause ntaminant air concentrations and exposures
to decrease with increasing distanc om the source. imum individual exposures therefore would
occur at the inner boundaries (i.e., clos distan o the source) of the defined receptor occupancy zones.
For the non-involved worker, the maxim posure would occur 100 m (330 ft) from the source (in an
east-southeast direction). For the gene publi , e maximum exposure would occur 22 km (14 mi) from
the source (i.e., the distance to th anford Site bo ary in an east-southeast direction from the center of
the 200 East Area).

The calculated ChJQ values for ground releases from the tank rms were calculated by the GENII
computer cod (be 4.0E-04 sec/cm (6.6E-03 sec/in. 3) for the no volved worker MEI and 6.0E-08
sec/cm 3  

. E-07 seclin.3) for the general public MEL. For the non-in Ived worker population of 10,900
occu g an area between 100 m (330 ft) from the source and the Hanfo Site boundary, the population-

2

Table D.4.1.1 Atmospheric Radiological Emissions for No Action
Alternative, Tank Waste

Tank Farm Emissions Evaporator Emissions

Contaminants Ci/yr Released Contaminants Ci/yr Released

Total Alpha 8.64e-08 Total Alpha 2.1Oe-05

Total Beta 7.91e-07 Total Beta 1.20e-05

9oSr 1.81e-05

137Cs 5.38e-05
1291 4.60e-05



weighted Chi/Q was 1.6E-03 sec/cm3 (2.6E-02 sec/in.3). For the general public population of 376,000

occupying an area outside the Hanford Site boundary within an 80 km (50 mi) radi centered on the 200

Areas, th population-weighted Chi/Q was 2.9E-03 sec/cm3 (4.SE-02 sec/in. 3)

Elevated Rel es
Evaporator
Atmospheric radio ical operating emissions would occur from e evaporator stack and were modeled as

elevated releases. Fo odeling purposes, it was assumed th the source term (i.e., emissions shown in

Table D.4. 1.1) would be eleased at a point in the 200 Are represented by the meteorological

conditions at the Hanford orological Station. The ysis used the Hanford Meteorological Station

joint frequency data from 10 m ft) aboveground able D.35, Figure D.3). Air transport modeling

conditions for evaporator operations re as follow

. Stack height equals 6.7 22 ft ,

. Stack flow equals 6.5 m3/s ( yd3/s);

. Stack radius equals 0.55 m .8 ; and

- Effluent temperature eq s 460 C.

For elevated releases (stack releases , the maximum expo e would not necessarily occur at the closest

distance to the source. Air trans rt modeling indicates that maximum exposure for the non-involved

worker would occur 200 m (6 ft) from the source (in an east-so east direction). The maximum

exposure for a member of tije general public would occur 22 kam (14 ' from the source (i.e., the

distance to the Hanford Site boundary in an east-southeast direction from 200 East Area).

The calculated Chi/ values for 10 years of evaporator operation were 4.2E-06 s cm 3 (6.9E-05 sec/in.3)

for the non-involved worker MEI and 4.6E-08 sec/cm 3 (7.5E-07/in 3) for the general p lic MEL. For the

non-involved.4orker population of 10,900 occupying an area between 100 m (330 ft) fro e source and

the Hanfo Site boundary, the population-weighted Chi/Q values were 5.OE-04 sec/cm 3 (8.2 3

sec/in.3) For the general public population of 376,000 occupying an area outside the Hanford Site

boundary within an 80 km (50 mi) radius centered on the 200 Areas, the population-weighted Chi/Q values

were 1.9E-03 sec/cm3 (3. 1E-02 sec/in.3).

3



D 4 1 1 3 Pxponqre

Worker dose
The worker dose would be a combination of the exposure from air emissions and direct exposure to

radiation. Historically, the average occupational dose for a tank farm worker has been 14 mrem per person

per year [(DOE, 1992) Environmental Assessment for the Proposed Pump Mixing Operations to Mitigate

Episodic Gas Releases in Tank 241-SY-101, Hanford Site, Richland, Washington, DOE/EA-0803, U.S.

Department of Energy, Washington, D.C.]. Assuming the individual historical average of 14 mrem per

year: (14 mrem per person per year) x (196 persons) x (100 years) = 2.8E+05 mrem or 2.8E+02 rem.

The worker dose from the evaporator was assumed to be the same as the operational personnel dose

received at the PUREX plant during 1986 of 200 mrem per prson per y ar.

Non-involved Worker and General Public dose

The non-involved worker and general public receptor exposures to the atmospheric emissions (source

term) were converted to a radiological dose in rem using the GENII computer code and applying the

appropriate Chi/Q. The dose for each receptor from tank farm and evaporator operations are presented in

Table D.4.1.2.

4

Table D.4.1.2 Atmospheric Transport Parameters for No Action Alternative,
Tank Waste

Tank Farm Evaporator
Emissions Emissions

Stack height in m (ft) Ground 6.7 (22)

Stack radius in m (ft) 0.53 (2)

Stack flow rate in m3/s (ft3/s) 10 (353)

Stack temperature in *C (*F) 46(117)

Non-involved worker ME! location in m ESE (ft) 100 (328) 200 (646)

Public ME! location in km ESE (mi) 22 (14) 22 (14)

Chi/Q for non-involved worker - population in 0.0016 0.0004
s/M

3

Chi/Q for non-involved worker - MEI in s/M 3  0.0004 0.0000044

Chi/Q for general public - population in s/m 3  0.0029 0.0016

Chi/Q for general public - MEl in sIm3 0.00000007 0.0000001



Table D.4.1.3 Summary of Anticipated Radiological Exposure
for No Action Alternative, Tank Waste

Receptor Tank Farms Evaporator Total
(100-yr) (10-yr)

Worker - Population

Worker - MEI

Non-involved Worker - 0.0013 0.0012 0.0025
Population in Person-Rem

Non-involved Worker - MEI 0.00032 0.00013 0.00045
inRem 2.2 5 - >3 el.e-

General Public - Population 0.11 0.048 0.16
in Person-Rem

General Public - 0.0000034 0.0000019 0.0000053
MEl in Rem _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Notes:
'MEI worker is assumed to work for 30 years

D.4.1.1.4 Risk

Latent cancer fatalities are calculated as the product of the estimated dose times the dose-to-risk

conversion factor (Section D.2.2.4, Risk). The dose-to-risk conversion factors used were 4.0E-

04 LCFs per person-rem for workers and non-involved workers and 5.OE-04 LCFs per person-

rem for the general public.

The sum of the radiological dose from the evaporator and tank farms, shown in the combined

dose column in Table D.4.1.3, was multiplied by the appropriate dose-to-risk conversion factor to

produce the LCF risk. The LCF risk for each receptor is presented in Table D.4.1.3.

5



Table D.4.1.4 Summary of Anticipated Risk
for No Action AIternative, Tank Waste

Receptor Combined Dose LCF Risk

Worker - Population

Worker - MEl

Non-involved Worker - 2.5E-03ow -

Population ( a4 ' ) (

Non-involved Worker - MEL 4.5E-04<rWl ag

General Public - Population 1.6E-O1p~eret
Cenr

General Public - 5.3E-06 rem
ME I I

D.4.1.2 Chemical Exposure
(Bill Bosan)

D.4.2 LONG-TERM MANAGEMENT ALTERNATIVE

This section presents the anticipated remediation risks associated with the Long-term Management

alternative for tank waste, as outlined in Appendix B of the EIS.

The radiological and toxicological risk for this alternative was based upon the air emissions from the

evaporator facility and the tank farms during continued operations. Direct exposure to the facility workers

from radiation fields in the work place would also add to the radiological risk. There would be no

construction, retrieval, pretreatment, treatment, storage, disposal, or waste transportation activities

associated with this alternative; therefore, there would be no risk from these components.

Evaporator operations would include maintaining the waste volume by the evaporation of all diluted slurry
transfers. Evaporator condensate would be treated in the liquid effluent treatment facility. Evaporator

operations would occur over a period of (ten ??? years) (WHC 1995).

Tank farm operations would include performing monitoring and routine maintenance at current levels
throughout the administrative control period, assumed to be 100 years for purposes of this analysis.
Monitoring the tanks would include in-tank temperatures, corrosion rates, tank pressure, stack gas

6
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D.4.5.1.1 Source Term
D.4.5.1.2 Transport

Ground Releases
Elevated Releases

D.4.5.1.3 Exposure
D.4.5.1.4 Risk

Transportation Risk
Combined Risk

D.4.5.2 Chemical Exposure
D.4.6 EX SITU NO SEPARATIONS

D.4.6.1 Radiological Risk
D.4.6.1.1 Source Term
D.4.6.1.2 Transport

Ground Releases
Elevated Releases

D.4.6.1.3 Exposure
D.4.6.1.4 Risk

Transportation Risk
Combined Risk

D.4.6.2 Chemical Exposure
D.4.6.3 Calcination Subalternative

D.4.7 EX SITU EXTENSIVE SEPARATIONS
D.4.7.1 Radiological Risk

D.4.7.1.1 Source Term
D.4.7.1.2 Transport

Ground Releases
Elevated Releases

D.4.7.1.3 Exposure
D.4.7.1.4 Risk

Transportation Risk
Combined Risk

D.4.7.2 Chemical Exposure
D.4.8 EX SITU/IN SITU COMBINATION

D.4.8.1 Radiological Risk
D.4.8.1.1 Source Term
D.4.8.1.2 Transport

Ground Releases

2



Elevated Releases
D.4.8.1.3 Exposure
D.4.8.1.4 Risk

Transportation Risk
Combined Risk

D.4.8.2 Chemical Exposure
D.4.9 PHASED IMPLEMENTATION

D.4.9.1 Radiological Risk
D.4.9. 1.1 Source Term
D.4.9.1.2 Transport

Ground Releases
Elevated Releases

D.4.9.1.3 Exposure
D.4.9.1.4 Risk

Transportation Risk
Combined Risk

D.4.9.2 Chemical Exposure

3



TABLES:
D.4. 1.1 Atmospheric Radiological Emissions - No Action Alternative
D.4.1.2 Summary of Anticipated Radiological Exposure - No Action Alternative
D.4.1.3 Summary of Anticipated Risk - No Action Alternative

D.4.2.1 Atmospheric Radiological Emissions - Long-Term Management Alternative
D.4.2.2 Summary of Anticipated Radiological Exposure - Long-Term Management Alternative
D.4.2.3 Summary of Anticipated Risk - Long-Term Management Alternative

D.4.3.1 Atmospheric Radiological Emissions - In Situ Fill and Cap Alternative
D.4.3.2 Summary of Anticipated Radiological Exposure - In Situ Fill and Cap Alternative
D.4.3.3 Summary of Anticipated Risk - In Situ Fill and Cap Alternative

D.4.4.1 Atmospheric Radiological Emissions - In Situ Vitrification Alternative
D.4.4.2 Summary of Anticipated Radiological Exposure - In Situ Vitrification Alternative
D.4.4.3 Summary of Anticipated Risk - In Situ Vitrification Alternative

D.4.5.1 Atmospheric Radiological Emissions - Ex Situ Intermediate Separations Alternative

D.4.5.2 Summary of Anticipated Radiological Exposure - Ex Situ Intermediate Separations
Alternative
D.4.5.3 Summary of Anticipated Risk - Ex Situ Intermediate Separations Alternative

D.4.6.1 Atmospheric Radiological Emissions - Ex Situ No Separations Alternative
D.4.6.2 Summary of Anticipated Radiological Exposure - Ex Situ No Separations Alternative
D.4.6.3 Summary of Anticipated Risk - Ex Situ No Separations Alternative

D.4.7.1 Atmospheric Radiological Emissions - Ex Situ Extensive Separations Alternative
D.4.7.2 Summary of Anticipated Radiological Exposure - Ex Situ Extensive Separations
Alternative
D.4.7.3 Summary of Anticipated Risk - Ex Situ Extensive Separations Alternative

D.4.8.1 Atmospheric Radiological Emissions - Ex Situ/In Situ Combination Alternative
D.4.8.2 Summary of Anticipated Radiological Exposure - Ex Situ/In Situ Combination
Alternative
D.4.8.3 Summary of Anticipated Risk - Ex Situ/In Situ Combination Alternative

D.4.9.1 Atmospheric Radiological Emissions - Phased Implementation Alternative
D.4.9.2 Summary of Anticipated Radiological Exposure - Phased Implementation Alternative
D.4.9.3 Summary of Anticipated Risk - Phased Implementation Alternative

4



D.4.10 NO ACTION ALTERNATIVE, CAPSULES
D.4. 10.1 Radiological Risk

D.4.10.1.1 Source Term
D.4.10.1.2 Transport

Ground Releases
Elevated Releases

D.4.10.1.3 Exposure
D.4.10.1.4 Risk

Transportation Risk
Combined Risk

D.4.10.2 Chemical Exposure
D.4.11 ONSITE DISPOSAL

D.4. 11.1 Radiological Risk
D.4.11.1.1 Source Term
D.4.11.1.2 Transport

Ground Releases
Elevated Releases

D.4.11.1.3 Exposure
D.4.11.1.4 Risk

Transportation Risk
Combined Risk

D.4.11.2 Chemical Exposure
D.4.12 OVERPACK AND SHIP

D.4.12.1 Radiological Risk
D.4.12.1.1 Source Term
D.4.12.1.2 Transport

Ground Releases
Elevated Releases

D.4.12.1.3 Exposure
D.4.12.1.4 Risk

Transportation Risk
Combined Risk

D.4.12.2 Chemical Exposure
D.4.13 VITRIFY WITH TANK WASTE

D.4.13.1 Radiological Risk
D.4.13.1.1 Source Term
D.4.13.1.2 Transport

Ground Releases
Elevated Releases

D.4.13.1.3 Exposure
D.4.13.1.4 Risk

Transportation Risk

5



Combined Risk
D.4.13.2 Chemical Exposure

6
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TITLE: SOURCE TERM AND RISK CALCULATION FOR WORKER EXPOSURE
Hous PerYear- 2000

Altemative Jmen IioennI

Warker PesYWPern onR hkCFs Re(.

Constucion
Transfer Lnes

Rad Zone
Non Rod Zone

Contlnued Operations
Rod Zone
Non Rod Zone

Retdeval
Rad Zone
Non Rod Zone

Treatment Foctitles (SEP+LAW/HLW)
Rad Zone
Non Rad NEX
Non Rad EC

Treatment Facltles (SEP+LAW)
Rod Zone
Non Rod NE
Non Rad EX

Operations
Continued Operations
- Monitodng STs, DSTs, and MUSTs

Rad Zone
Non RodZone

-Operate 242A Evaporator
Rod Zone NEX
Rod Zone EX
Non Rod Zone

Retrievd
Rod Zone Nonexempt
Rad Zone Exempt
Non RadZone

Bargolrlng Unit
Separate and Treat Waste (SEP/LAW/HLW)

Exempt
-Rad
-Non Rad
Non Exempt
-Rad
-Non Rod
Barganing Unit
.ad

-Non Rod
Separate and Treat Waste (SEP/LAW)
Exempt
-Rod
-Non Rod
Non Exempt
Rad

-Non Rod
Bargalning Unit
-Rod
-Non Rad

Storage and Disposd
Rad
Non Rad

Monioring and Maintenance
Rad
Non Rod

Post Remedlatlon
Closure

Rod Zone
Non Rod Zone

Monitoring of Find Waste Form
Rod Zone
Non Rod Zone

Total
no nctcpEk

Sn.1E+07
PadWcrkedtors

no rn no no
no no in no

nM
no

no no no
no ro in

100) 1
Mo no

0 0
10204M 5,102
29100 1A55

0 0
7.94E+06 3.970
2.22E+06 1.111

1.00+07
7

1.28E+06
3.00E+05
1.5SE+06

O.0M+00
4.00E+04
0,00E+00
1.60E+05

7.0OE-03
no

0.00E+00
0.00+00
0,00E+00

0.00E+00
0.00E+00
0J00+00

2.80E.06
no

0.00E+00
O.OOE+00
0.OE+00

0.00E+00
0.00E+00
0.0OE+00

5,0w 7. 1+01 2.8X-02
? ? 7

640
150
750

0
20
0

80

1.28E+02
0.00E+0D
O.0OE+OD

4.00E+00
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no no ro no
no no ro ro

no no no no
in no no no

n n oo n
no no ro no

no rn ro no

25,047
9.255

8.95E+02 3,65E01

(a)Hendeson. Coin. esponseto EngkeetngDataRequestNuTber073." October24, 995.
(b) Estimated to be 1/10th of the vake fr the No Action dItenathe, snce 10 yacsk lstead of 10 yeat.
(c)SomewaforNoActionat ative.
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PHASED IMPLIEMENTATION

Retrieval of Waste From Tank Farm and Pump to Supply Tanks(s) for Phased Implementation Alternative

Rfetroa
Operatic
'Exempt

Noreflqd Wi

Bargaini
Rd W

.1. Assu

Staff Person 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
ns Hours Years

3krs 40,000 20 2 2 2 2 2 2 2 2 2 2

nrkers 0 0 0 ___
Wo rkrs-

n1 Unit O____ 26
orkers 120,000 60 6 6 6 6 6 6 6 6 6 6

Physics 40,000 20 2 2 2 2 2 2 2 2 2 2

nod 1 shirt per day.

I"

Ps- 3



b/~r

No Act 50790 3.30E-01
LTM 54058 4.93E-01
ISFC 15520 2.13E-01
Isv 24712 6.23E-01
SEL 44983 2.03
EXINT 585841 3.13
EXNO 36652 1.95
EXEXT 53478 3.2
CPNA 761 1.89E-03
CPOD 1280 4.55E-03
CPOS 142 3.52E-04ICPV

Sheet2

P-eC 1
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/

Transfer Lines
Rod Zone
Non Rod Zone

Continued Operations
Rod Zone
Non Rod Zone

Retrieval
Rod Zone
Non Rod Zone

Treatment Facilities
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Operation

Continued Operations
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Alternative Dose 3.0 Minimal Retdeval
In Situ Vitrification
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Sheet 1

(p)assume the laborhours are 50% less for the calcination alternatve I

Pc-q 1

na is not app cbte
References
(a)Henderson, Colin. 'Project W-314 Waste Transfer System Upgrades - Engineering Data,' Internal Memo from Kirk Boes, WHC. Septe
(b) Henderson, Colin. 'Response to Engineering Data Request,' Personal Communication. September 28, 1995
(c) from Tables 5-2 and 5-6 of Fredenburg IflXRev.0. Worker hours adhusted to 2000 hrs per year. I
(d) from Tables 7-2,7-3, 7-8, and 7-24 of McConville 1995, Rev. 0. Worker hours adjusted to 2000 hours per year.
(e) Assume25% of construction hours are rad zone work. I I I I
(f) the value is 60% of the total for the Extensive Retrieval Alternative.
(g) the value Is 60% of the total for the In Situ Flnd Cap Alternative |
(h) from Tables 9-3 and 9-9 of Slaathaug v 0 and Appendix F-6. Worker hours adjusted to 2000 hours per year.
(1) from Tables 6-3,6-8, and 6-14 of Colby 19 .Rev. 0. Worker hours adusted to 2000 hours per year.
(J) from Tables 9-3 and 9-8 of Jansen et. at 1995, Rev.0. Worker hours adjusted to2000 hours per year
k) from Tables 4-2 and 4-5 of Nankanl 1995, Rev. 0. Worker hours adjusted to 2010 hours per year.

(l) Henderson, Colin. 'Continued Operations.' Internal Memo and JEG Calculations. I
(m) from Tables 5-2 and 5-23 of Meng 1995, Rev. 0. See footnotes to Table 5-23 for dose assumptions. Worker hours adjusted to 2000 I
(n) included in treat waste I I I 1 27
(0) assume half of the labor hours required for the Long Term Managment Alternative since evaporate for 5 years Instead of 10 years

I 
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WORKER MEI

Alternative Duration wrem /yr Dose (rem) Dose-to-Risk LCF Risk
Conversion

No Action 30 years 5.00e+02 1.50e+-0 4.00e-04 6.00e-03

Long-Team Management 30 years 5.00e+02 1.50e+01 4.00e-04 6.00e-03

In Situ Fill and Cap 19 years 5.O0e+02 9.50e+00 4.00e-04 3.80e-03

In Situ Vitrification 19 years 5.00e+02 9.50e-00 4.00e-04 3.80e-03

Ex Situ Intermediate 29 years 5.00e+02 1.45e+01 4.00e-04 5.80-03
Separations

Ex Situ No Separations 24 years 5.00e+02 1.20e+01 4.00e-04 4.80e-03

Calcination Subalternative 24 years 5.00e+02 1.20e+O1 4.00e-04 4.80e-03

Ex Situ Extensive Separations 30 years 5.00e+02 1.20e+1 4.00e-04 4.80e-03

Ex Situ/In Situ Combination 29 years 5.00e+02 1.45e+OI 4.00e-04 5.80e-03

Phased Implementation 5.00e+02 4.00e-04

Capsules -No Action 10 years 5.00e+02 5.00e+00 4.00e-04 2.00e-03

Capsules - Onsite Disposal 19 years 5.00e+02 9.50e+00 4.00e-04 3-80e-03

Capsules - Overpack & Ship 19 years 5.00e+02 9.50e+o 4.OOe-04 3.80e-03

Capsules - Vitdfy with Tank 19 years 5.00e+02 9.50e+00 4.00e-04 3.80e-03
Waste I I
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SUM.xLS

Alternatives .|I

Workers on-Involved Workers General Public
Tank Waste Population ME opulation MEL Population MEI
No Action 3.31E-01 6,00E-03 2.50E-03 4.60E-04 1.60E-01 5.30E-06
Long Term Management 4.90E-01 6.OiE-03 8.30E-02 9.40E-04 4.90E-01 IAE-05
In Situ Fill and Cap 2.13E-01 3.80E-03 4.20E-02 3.90E-04 2.40E-01 6.70E-06
In Situ Vitrification 6.06E-01 3.80E-03 4.20E-02 3.90E-04 2.40E-01 6.70E-06
ExSitu Intermediate Separations 3.13E+00 5.80E-03 9.20E-01 3.10E-03 3.10E+02 6.80E-03
Ex Situ No Separations 1.95E+00 4.80E-03 1.01E+00 2.42E-03 3.12E+02 6.76E-03
Calcination Subalternative 1.95E+00 4.80E-03 9.08E-01 2.37E-03 2.22E+02 4.86E-03
Ex Situ Extensive Separations 3.20E+00 4.80E-03 7.50E-01 2.80E-03 2.50E+02 5.60E-03
Ex Situ/In Situ Combination 2.03E+00 5.80E-03 8.50E-01 3.OOE-03 2.62E+02 6.10E-03
Phased Implementation
Cesium and Strontium Capsules
No Action 1.89E-03 2.OOE-0 1.30E-04 1.90E-07 6.30E-04 1.30E-08
Onsite Disposal 4.55E-03 3.80E 2.50E-04 3.60E-07 1.20E-03 2.50E-08
Overpack and Ship 3.52E-04 3.80E-0 2.50E-04 3.60E-07 1.20E-03 2.50E-08
Vitrify with Tank Waste 3.52E-04 3.802 2.50E-04 3.60E-07 1.20E-03 2.50E-08

4.WOE-04
5.00E-04

Tank Waste Population MEl Population MEI 46, Population MEI
No Action 3.31E-01 6.m2E-03 1.0E-06 .&7 8. 45E-05 2.-09
Long Term Management 4.90E-01 6.0)E-03 3.32E-05 0&-07" .45E-04 a7aE-09
In Situ Fill and Cap 2.13E-01 3.80E-03 1.68E-05 -0 1.20E-04 % 36E-09
In Situ Vitrification 6.06E-01 3.80E-03 1.68E-05 1,J31jE-07 1.20E-04 a?-09
Ex Situ intermediate Separations 3.13E+00 5.80E-03 3.68E-04 1.24E-06 1.55E-01 3.40E-06
Ex Situ No Separations 1.95E+00 4.80E-03 4.03E-04 1.56E-01 3.38E-06
Calcination Subaiternative 1.95E+00 4.80E-03 3.63E-04 -07 1.11E-01 243E-06
Ex Situ Extensive Separations 3.20E+00 4.80E-03 3.0)E-04 iW jE-06j 1.25E-01 2.80E-06
Ex Situ/in Situ Combination 2.03E+00 5.80E-03 3.402-04 1O1E-06 1.31E-01 3.05E-06
Phased Implementation
Cesium and Strontium Capsules __|

Page 1
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SUM.XLS

No Action 1.89E-03 2.00E-031 5.20E-081 7.60E-1 1 3.15E-07 6.50E-12
Onsite Disposal I 4.55E-031 3.80E-03I 1.WE-07 1.44E-10 6.mOE-07 1.25E- 11
Overpack and Ship 3.52E-04 3.80E-031 1.00E-07 1.44E-10 6.0DE-07 1.25E- II
Vtrfy with Tank Waste 3.52E-041 3.80E-03 1.a)E-07 1.44E-101 6.mOE-07 1.25E-11

Page 2



SHEET i.XLS

Calculations for Summary Tables 23-Oct-95 ________ ___

No Action Combined
f evI Dose Risk

on pop 1.30E-03 1.20E-03 2.50E-03 1.WE-06
on mel 3.20E-04 7 .0)205 1.6-07
off pop 1.10E-01 4,80E-02 1.58E-01 7.90E-05
off mel 3.40E-06 1.20E-06 4.60E-06 2.30E-09

Long Term Mgmt _Combined

if evi ret ev2 Dose Risk
on pp 1.30E-03 1.20E-03 9.20E-05 8.0E)-02 8.26E-02 3.30E-05
on mell 3.20E-041 7.O2-05 2.40E-06 4.90E-04 8.82E-04 3.53E-07
off o 1.102-01 4.80E-02 2.30E-03 3.30E-01 4.90E-01 2.45E-04
off mel 3.40-06 1.20E-06 7.10E-08 8.30E-06 1.30E-05 6.49E-09

ISFC ___ Combined ___

if ev ev2 gf Dose Risk
on pop 2.50E-04 1.20E-03 4.0)E-02 3.20E-07 4.15E-02 1.66E-05
on me[ 6.10E-06. 7.0E-05 2.50E-04 8.EE0-08 3.26E-04 1.30-07
off pop 2.10E-02 4.80E-02 1.70E-01 2,96E-05 2.39E-01 1.20E-04
off mel 6.50E-07 1.20E-06 4.10E-06 8.80E-10 5.95E-06 2.98E-09

INV _________ Combined____
If evi ev2 ISV Dose Risk

on pop 2.50E-04 1.20E-03 4.0)E-02 3.502-04 418E-02 1.67E-05
on mel 6.10E-06 7.OO2-05 2.502-04 2.202-06 3.282-04 1.31E-07
off pop 2.10E-02 4.80E-02 1.70E-01 1.40E-03 2.40E-01 .20E-04
off mel 6.50E-07 1.20E-06 4.10E-06 3.E0-08 5.98E-06 2.99E-09
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SHEET i.XLS

Ex Stu/In Situ Comb I_________________ ___

_____ __________ _____Combined

fi evi ev2 f ret vit Dose Risk
_per year 8 yr (50%)

on pop 3.80E-04 1.20E-03 2.40E-02 4.00E-08 1.60E-07 7.70E-03 8.20E-01 8.53E-01 3.41E-04
on mel 9.30E-05 7.0E-05 150E-04 L.E0-08 4.00E-08 2.10E-03 4.80E-04 2.89E-03 1.16E-06
off pop 320E-02 4.80E-02 1.02E-01 I3.70E-06 1.48E-05 2.1 2.60E+02 2.62E+02 1.31E-01
off mel 9.90E-07 1.20E-06 2.50E-06 1M 2-10 4.40E-101 6.80E-05 6.00E-03 6.07E-03 3.04E-06

Ex Situ Intermediate Sep ___ ___ ___ Combined
if lev Ret Sep/Vit Dose Risk

on pop 3.80E-04 1.20E-03 9.1E0-03 9.10E-01 9.21E-01 3.682-04
on mel 9.30E-05 7.'-05 20E2-03, 5.30E-04 3.09E-03 1.24E-06
off pop 3.20E-02 4.80E-02 2.30E+00 3.10+02 3.12E+02 1.56E-01
off mel 9.90E-07 1.202-06 7.50E-05 6.70E-03 6.78E-03 3.39E-06

Ex Situ No Sep-vitrify Combined
f evi Ret Sep/Vit Dose Risk

on pop 3.10E-04 1.20E-03 6.70E-03 ' 1.002+01 .0'2+01 4.003 _

on mel 7.70E-07 7.00E-05 1.702-03 5.90E-04 2.36E-03 9.44E-07
off pop 2.602-02 4.80E-02 1.70E+00 3.1E0+02 3.12E+02 1.56-01
off mel- 8.202-07 1.20E-06 5.50E-05 6.70E-03 6.76E-03 3.38E-06

Ex Situ No Sep-Calcination Combined ___

ft evi Ret calc Dose Risk
on pop 3.10E-04 1.20E-03 6.70E-03 ' 9.C'E-01 9.08E-01 3.63E-04
on mel 7.70E-07 7.00E-05 1.70E-03 520E-04 2.29E-03 9.16E-07
off pop 2.602-02 4 I.2 1.70+00 2.20E+02 2,22E+02 1.11E-01
off mel 8.20E-07 1.20E-06 5.E0-05 4.80E-03 4.86E-03 2.43E-06
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Ex Sftu Extensive Sep Combined
it evI Ret Vit Dose Risk

on pop 3.90E-04 1.20E-03 8.IOE-03 7.40E-01 7.50E-01 3.OE-O4
on mel 9.60E-05 7,OE-O5 2.10E-03 4.2E-04 2.69E-03 1.07E-06
off pop 3.30E-02 4.80E-02 2.10E+' 2.50E+02 2.52E+02 1.26E-01
off mel 1'.OE-06 1.20E-06 6.70E-05 5.50E-03 5.57E-03 2.78E-06
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Allemative 1.0 No Action 2.0 Long Term
Management

Duration in Stack Stack Stack Duration In Stack Stack Stack
Years H/Rad Velociy Temp. Source Years Ht/Rad Velocity Temp.

Construction NOT APPLICABLE NO EMISSIONS

Qpe rn. - ..- -- -- ------------------ - --- ------------------
Continued Operations emissl xs actual) 100 yr Ground emssi. (actual) 100 yr Ground

Total Adpha=2.88E-08 C/yr See No Action

Total Beta=7.91E-07 Cl/yr 100% of current

-Monitor SSTs, DSTs. and MUSTs Sr-90=1.81E-05 Cl/yr
Cs-137=5.35E-05 Cl/yr
L294-tq-2 Cl/t 100% of current-- - - - - - - - - - - - - - - - - - - - - - - - -

-Operate 242A Evaporator emit ds (periodic) 10 yr 6.7 m 10.3 Cu m/s 46 C emitbds (periodic) 10yr 6.7 m 10.3 Cu m/s 46 C
Tot. Alpa =2.1E-5 Cl/Y .53 m See No Action .53 m
Tot. Beta=1 2E-5 Cl/V------- --- -------------

Retr eval NOT APPLICABLE Cs-137-.0007 C Ground
1-129=.001 Cl 10 yr
Sr-90=.0001 CI per menam from Coln)

Evaporate DSTS (a) NOT APPLICABLE emita (continuou) 10yr 6.7 m 10.3 Cu r/s 460
Tot. Alpha=IAE-04 Cl/Y
Tot. Beta=8.OAE-05 Cl/V 53 m--------

Separations __.NOT APPLICABLE _ NOT APPLICABLE
Vitrify Tank Waste (a) NOT APPLICABLE NOT APPLICABLE

- - - - N A - - M- ----~ ~- -~~ ~ ~- ---------A- ---A-B I
ProessCapsules --------- NO0T APPLICABLE --------------- -------- NOT APPLICABLE

TgQe r OScI __NOT APPLI CABL __NOTAPPLCABLE
Monitoring and Maintenance NOT APPLICABLE NOT APPLICABLE
Post Remedatian _ -
Clos-ure _ N..-__- O.T APP LICBLE
Monitoring of Final Waste Form NOT APPLICABLE

--- --- -- - ---- -- -- - - -
NOTAPPLICABLE
NOT APPLICABLE

(a) for gravel and il, these emissions are based on ten limes the value of current emissions per hour for 24 hours (3 days) for 22 tanks per year.

Title: S-- lrce Term for Air Modeling of Routine Risk

, -14-95TITLE SOURCE FOR NON C

emission.xisPaie I



iTLE: rOURCrr FR NINN

Alternative 3.0 Minimal Retrieval 4.0 In Situ Fill and Cap
In Situ Vitriication

Duration In Stack Stack Stack Duration in Stack Stack Stack
Source Years Ht/Rad Velocity Temp. Source Years Ht/Rad Velocity Temp.

Construction NO EMISSIONS NO EMISSIONS

On~gtn - --..---....---------------------------------------------------------------------
Continued Operations emissi.xs (actual) 19 yr Ground emisslxls(actual) 19 yr Ground

See No Action (-166 yf-G ) See No Action (4426-yr-edJ}
82%-lefe it 796ferfn

-Monitor SSTs. DSTs. and MUSTs

en2A Ev Aoa to emits c(periodic 1yr 6.7 m 10.3 Cu m/s 46 C emit.xis (periodic) 10 yr 6.7 m 10.3 cu m/s 46 C

See No Action .53 m See No Action .53 m

--etrieval- -- -- -- NOT -APPLICABLE - - - - - - - - - - - - - -NOT APPLICABLE

Eva prte- DS (a e- (contn 5 Wyr~ 6. m 0.3 n/ 6 Z em~.s (continuous) 3 yr 6.7 m 10.3 cu rm/s 46~C~

See Long Term Mgmt See Long Term Mgmt
53 m .53 m

Sepatins NOT APPLICABLE -------------------- LE-----------------
Vitrify Tank Waste (a) Table D.45 9 yr 31 m 4.3 cu m/s 93 oC Total Alpha=9.83E-1 1 CVyr

pg. D-88 .33m total Beta=2.69E-09 Cl/yr
Sr-90=2.91E-08CVyr 8 yr Ground
Cs-137=1.81E-07 Cl/yr
1-129=1.57E-07 Ci/yr (calculated from emiss 1.xls)

roesCaps-ules -N-~~~-~~~-O----~~~~~~~~~T~PPLICABLE NOT APPLICABLE

1qrage 2!q iPo --sal NO EMISSIONS NO EMISSIONS
Monitoring and Maintenanc NO EMISSIONS NO EMISSIONS
Post Remedlation --------------
Closiure - - - - - - - - - - - - -NO EM I SSION-RS - - - - - - - - -- - - - - --NO EM ISSIONS - - - - - - - - -
Monitoring of Final Waste F NO EMISSIONS NO EMISSIONS
(a) for gravel and fil, these e

Title: S 'rce Term for Air Modeling of Routine Risk

.-.- 14-95I VOLVED WORKER AN C

130-4 2 eml-lon.xIs



Alternative 6.0 Selective Retrieval 7.0 Extensive Retrieval
(Ex Situ Vit) Alternative

Duration in Stock Stack Stack Duration In Stack Stack Stack
Source Years Ht/Rad Velocity Temp. Source Years Ht/Rad Velocity Temp.

Construction NO EMISSIONS NO EMISSIONS
Operaipon
Continued Operations emissixis (actual) 29 yr Ground emiss.xis (actua 29 yr Ground

See No Action (4:4-yF-edhj See No Action (4.7-:l-yF-Gej)
63%zf-etefh Wefent

-Monitor SSTs. DSTs, and MUSTs

-Operate 242A Evaporator em~ds (periodic) 10 yr 6.7 ~ 10.3 cu m/s 46 C emixis ~ ~errodlc) 10~yr 6.7 m 10.3 Cu n/s 46 C
See No Action .53 rn See No Action .53 m

RetrIeval Table D.56
26 yr Ground Table D.60 26 yr Ground

Evaporate DST$ (a) emi~dos (continuos~ 3 yr 6.7 m 10.3 cu rn/s 46 C NOTAPPLICABLE
See Long Term Mgmt

.53 m
SeparatiLorns _......_.. _...INCLUDED IN VITRIFICATION INCLUDED IN VITRIFICATON
Vtrffy Tank Waste (a) Table D.54 24 yr 55 m 33 cu m/s 160 oC Tabie D.61 24 yr 55 m 33 cu m/s 160 C

2g. D 103 .88 m
See lnsitu gravel 8 yr Ground
and fill (60%) .88 m

Proess Caps-ules NOT-APPLI----~~ ~ ~~ ~~ _PPCABILE -- ~~~-~-- -- --- ~--~NOT APPLICABLE

Srog ....osa. NO EMISSIONS NO EMISSIONS
Monitorina and Maintenanc NO EMISSIONS NO EMISSIONS
Post Remedation
Clo asu re - - - - - - - - - - - --NO -EMISSIONS -- - - - - - - - - - - - - - - NO -0 E-MISSIONS- - - - - - - - - --------~ ---- ~-- ~~- -- ~- ~~~ - - - -- - - - - -- - - ----~~-~--E-i 6 -- -- -- -- E- -- - -- -- -- -- -- -- -
Monitoring of Final Waste F NO EMISSIONS NO EMISSIONS
(a) for gravel and fill, these e

Title: S- irce Term for Air Modeling of Routine Risk

TITLE: SOURCE FOR N >NINVOLVED WORKER AND PUBUC -14-95

Pace 3 emission.xAs



Alternative 8.0 No Separations 9.0 Extensive Separations
Alternative Alternative

Duration In Stack Stack Stack Duration In Stack Stock Stack
Source Years Ht/Rad Velocity Temp. Source Years Ht/Rad Velocity Temp.

Construction NO EMISSIONS NO EMISSIONS
Ceeation___ ._. ... _ _ .. ..--
Continued Operations emlssl.xls (actual) 24 yr Ground emnissidxs (actua) 30 yr Ground

See No Action 466-yF-dG See No Action (1-74-yr-Ed])
69%of-eurzen 68%-ef-e.feFt

-Monitor SSTs. DSTs, and MUSTs

-Operate 242A Evaporator emi.xs (periodic) 10 yr 6.7 m 10.3 Cu m/s 46 C emlt.xls (periodic) 10 yr 6.7 m 10.3 cu m/s 46 C
See No Action .53 m See No Action .53 m

--------------------------------------------------------- ---------------------------------------Reivai
Table D.60 19 yr Ground Table D.60 23 yr Ground

Evaporate DSTS (a) NOT APPLICABLE NOT APPLICABLE

---------------------------------------------------------------------------------------------------
Separation s ______- __NOT APPLICABLE ____ _.._
Vitrify Tank Waste (a) Table D.65 14 yr 55 m 33 cum/s 160 oC Table D.69 21 yr 55 m 33 cu m/s 160 C

(change C-14 to .88 m
812 Cl or 58 Cf/Yr

for calcination) .88 m

Process Capsules ---- NOT APPLICABLE NOT APPLICABLE

qtqrg2 22'q 2!!Ps NO EMISSIONS NO EMISSIONS

Monitoring and MaIntenan NO EMISSIONS NO EMISSIONS
Post Renedalion _-_-_-_-_-__-_
Closure NO EMISSIONS _ NO EMISSIONS
Monitoring of Final Waste F - NO EMISSIONS NO EMISSIONS
(a) for gravel and fill, these e

58

Title: F rCe Term for Air Modeling of Routine Risk

TITLE: SOURCE FOR NON C .- 14-95

Pone 4 emiqsion.xis



Alternative 10.0 Capsule-No Action 11. Capsule-Onsite
Alternative Storage

Duration In Stack Stack Stack Duration in Stock Stack Stack

Source Years Ht/Rad Velocity Temp. Source Years Ht/Rad Velocity Temp.

Construction NOT APPLICABLE NO EMISSIONS
Operation!q~rto -- - - - - - - - - - - - - - - - - - - - - - - - - - ----------------------------------
Continued Operations NOT APPLICABLE NOT APPLICABLE

-Monitor SSTs, DSTs, and MUSTs

--- - -- ---- f-----------------------------------------------------1 C-AB -E---------------------------- NTAPIAL
-Operate 242A Evaporator NOT APPLICABLE NOT APPLICABLE

Retrieval NOT APPLICABLE NOT APPLICABLE

Evaporate DSTS (a) NOT APPLICABLE NOT APPLICABLE

Sep rations__ __ _______NOTAPPLICABLE ___ __ _ __- _____NOT APPLICABLE __
Vitrify Tank Waste (a) NOT APPLICABLE NOT APPLICABLE

Process Capsules wesfops.xls 10 yr 21 m 10.2 mps 20 C wesfops.xIs 19 yr 21 m 10.2 mps 20 C
.53 m radius 9.2 cu n/_s __m-__ radus9.2 Cu m

Storageang Disposal -- NOT APPLICABLE ____ -______--___-NO EMISSIONS--
Monitoring and Maintenan NOT APPLICABLE NOT APPLICABLE

Post Rem edlation _-_- - --...-_- --_-_
C lo s-u -re --- _ N O T P _P _ L ECA _ _ _ _-_-_-_-- _-_- _- - _PIB_ N O EM ISSIO N S
Monitoring of Final Waste Fc NOT APPLICABLE NO EMISSIONS
(a) for gravel and till, these e

Title: ? 'rce Term for Air Modeling of Routine Risk

nr14-95TITLE: SOURCE FOR NGN C

emn~clon.xIsPC-,? 5



Alternative 12.0 Capsule-Overpack 13.0 Capsule-Vitrify
and Ship with Tank Waste

Duration In Stack Stack Stack Duration in Stack Stack Stack
Source Years HI/Rad Velocity Temp. Source Years Ht/Rad Velocity Temp.

Constructhon NO EMISSIONS NO EMISSIONS
Operation _ ___-________--_
Continued Operations NOT APPLICABLE NOT APPLICABLE

-Monitor SSTs, DSTs. and MUSTs

6 -F----------------------- ifF-------------------------------------------------

-Oprae ~TEao~o~~ A~~~--PPICAB ~~~~~~~~~LE NOT APPLICABLE
---------------------------------------------------------- ---------------------------------------

R~etprealt sNOTAPPICABLE NO APPLICABLEEivporate DSTS (a) NOT APPLICABLE NOT APPLICABLE

----------------------------- -------------------------------------- ---------------------------------------

VitrifyTankW aOste (a-) - - - - - --NOT AP-PLICABL-E - - - - - - - - - - - - - -NOT APPLIC-ABLE - - - - - - - - - -

ProcesiCa-sCaies e ~sfopsxs~~~-- 19y--~~~~ 2~s~2-~----- yr 21om1.2ip -2s- 19 yr ~~~-21m -~ 10.2 -mps -200~~
.53 m radius 9.2 cu m/s .53 m radius 9.2 cu rn/s

rA D~isposl _NOT APPLICABLE NOT APPLICABLE
---------------------------------------------------------------------------

Monitoring and Maintenan NOT APPLICABLE NOT APPLICABLE
Post Rem edialion _-_-_-_-_
Clos-ue.___ -..-. _.NOTPPLCABLE NOT APPLICABLE
Monitoring of Final Waste Fc NOT APPLICABLE NOT APPLICABLE
(a) for gravel and fill, these e

Title: ? ,rce Term for Air Modeling of Routine Risk

.,)14-95TITLE: SOURCE FOR NE >NI ORKER AND PUBLIC

Pono 6 em~cqon.xIs



Alternative 1.0 No Action (/ tg) 2.0 Long Term
Management

Duration in Stack Stack Stack Duration In Stack Stack Stack
Source Years Ht/Rad Velocity Temp. Source Years Ht/Rad Velocity Temp.

Construcflon NOT APPLICABLE NO EMISSIONS

Co e IE 5Jq sasr-s - -s-------5; - -is i ~ 15-~ i ~ ~ - ~ ~~ s c-----~ s --------- ----~~ -~Continued Operations Csl 37=7,67E-7 CIn/ 100 yr Ground 10.3 Cu rn/s 913=7.- IN 100 yr Ground 10.3 cu rn/s
-Mnitor SSTs Mrs. and MUSTs _ r.0=922-6C1/V 100% of current _i9O _ .0=9.52E-6CN 100% of current _ _ _

Operate 242A Evaporator Tot. Alpa=2.1e-5 CiN 10yr 6.7 m 10.3 cu m/s 46 C Tot.Apa-2.le-5CIN 10 yr 6.7 m 10.3 cu m/s 46 C
Tot. Beta=1.2e-S CiN .53 mn e:':I / /Tot. Beto=1.2e-5 GINY .53 mn

Retrieval NOT APPLICABLE Cs-37=. -7C i ..-- o Ground
i-129.001CI tio 10yr
Sr-90=.m00l CI .2A- -- - - -- - - -

EVapot-e DSTS a)- NOT APPi5AiE Tot. A-pha=~ A C/~ yr 6.7 m 10.3 cu rn/s 460C

--- -- --- -- --- -- --- -- --- -- --- -- --- -- --- -- -- Tot. Beta=8.04E-5 Cl/V .53 mnl~ y I

§9paLat2Lns _ _ NOT APPLICABLE __-_-_-_NOT APPLICABLE
Vitrify Tank Waste NOT APPLICABLE NOT APPLICABLE

Proess Capsules -- ------ NOT APPLICABLE ---------- NOT APPLICABLE

Storag and Disoa NOT APPLCAL NOT ___ APPLICABLE
Monitoring and Maintenance NOT APPLICABLE NOT APPLICABLE
Post Remedlation 

WiClosure _] ___ N . .OT APPLIABL _________NOT A PLCABLE
Monitoring of Final Waste Form NOT APPLICABLE NOT APPLICABLE
References
(a)For ISV and In Situ Gravel and Fill, use emissions from Table D. 39 Instead.

Title: Qnurce Term for Air Modeling of Routine Risk

10-11-95TITLE: SOURCE FOR NGNI C

emission.xlsPrage I



Alternative 8.0 No Separations 9.0 Extensive Separations
Alternative Alternative

Source Duration In Stack Stack Stack Source Duration In Stack Stack Stack
Years Ht/Rad VMocity Temp. Years Ht/Rad Velocity Temp.

Construction NO EMISSIONS NO EMISSIONS
OpergyLoIn
Continued Ope lons tankfarm.xis 24 yr Ground tankfarm.x7s 3r Ground
-MonitorSSTs _STs, andMUSTs actual 69% of current or 16.6 r adusted actual _ 58 f currentor L4yr adjusted __
-Operatey42A Evaporator emit.xls 10 yr 67 m 6.1 cu m/s 46 C emt.xs 6yr 6.7 m 6.1 cu m/s 46 C

------ efr129dc ------ 3/ m ---------- 2rlodIc /.b3 m
Retrieval

Table D.60 19 yr Ground Table D.60 23 yr Ground

Evaporate DSTS (a) NOT APPLICABLE NOT APPLICABLE

Vi2trlaste- ---- Ta.erZ 14 yr 55 m 3cum/s 160OoC' Table D.69 2l yr E5m Sn3cu m/s 160 C
(change C- 14 to .88 mn .88 m
812 CI for calcination)

Prce-ss 6psules N~OT APPICABLE NOT~APPLIE6f 6AE

-------DIA----------------------------------------------------------------------------------------Srgge ad Dsosal NO ISO _EISSIONS
Monitoring and Maintenance NO EMISSIONS NO EMISSIONS
Post emediation
CjgJLe_ NO EMISSIONS NO EMISSIONS
Monitoring of Final Waste Form NO EMISSIONS NO EMISSIONS
References
(a)For ISV and In Situ Gravel and

Title: 1ource Term for Air Modeling of Routine Risk

10-11-95TITLE: SOURCE FOR NONIb VOLVED WORKER AND PUBUC

emission~xsPage 4



Alternative 1.0 No Action 2.0 Long Term
Management

Duration in Stack Stock Stack Duration In Stack Stack StackSource Years Ht/Rad Velocity Temp. Source Years Ht/Rad Velocity Temp.

Construction NOT APPLICABLE NO EMISSIONS
Operaron
Continued Operations emiss.xis 100 yr Ground 7 , emissl.xs 100 yr Ground

Cs137=7.67-7 CI/ 77,p Cs137=7.67E-7 CI/V
-Montor MsTDSTs. and MUsTs Sr90=9.52E-6CI/Y 100% of current Sr__9._62E-6CiY_ 100% of current 7A:7
-Operate 242A Evaporator emlt.xis (periodic) 10 yr 6.7 m 10.3 cu m/s 46C emt.xls (perlodic) 10 yr 6.7 m 10.3 cu m/s 46 C

Tot. Apa =2.1E-5 C/V .53 m Tot. Adpa -2.1E-C5 CI .53 m
Tot. Beta=1.2_E- Cl/ Tot. Beta=1.2E-5_ Ci/

Retrieval NOT APPLICABLE cs-137=.0007 CI Ground
1-129=W.1 cI 10 yr
Sr-90=ill Ci _ (per memo from Colin)

Evaporate DSTS (a) NOT APPLICABLE emit.xias (continuoL 10 yr 6.7 m 10.3 cu m/s 46 C
Tot. Alpha=1 Ae-4 ClVY

- Tot. Beto=8.04E-5 NOT .53m 2
epa tlqrs_ NOT APPLICABLE NOT APPLICABLE

Vitrify Tank Waste NOT APPLICABLE NOT APPLICABLE

Process Capsules NOT--------- AiFPL1EICABE - -------------- NO-0T APPF L ICA-BLE ---------

Storage and Disposl NOTAPPLCABLE NOT A _ _ __PPLICABLE
Monitoring and Maintenance NOT APPLICABLE NOT APPLICABLE
Post Remediation _
C(1;lsre--- J-- NOT----- A5pPL56ICE NO---------------h-T APP-LICA-BLE ---------
Monitoring of Final Waste Form NOT APPLICABLE NOT APPLICABLE
References
(a)For ISV and In Situ Gravel and FBI, use emissions from Table D. 39 Instead.

Title: Source Term for Air Modeling of Routine Risk

TITLE: SOURCE FOR NONINVOLV C 10-11-95

Stac
Tem

46 C

46 C

-

Page 1 emisslon.xA



Alternative 6.0 Selective Retrieval 7.0 Extensive Retrieval
(Ex Situ VI) Alternative

Duration In Stack Stack Stack Duration In Stack Stack Stack
Source Years Ht/Rad Velocity Temp. Source Years Ht/Rad Velocity Temp.

Construction NO EMISSIONS NO EMISSIONS
Operation _ _-_-_-_-_-_
Continued Operations emissi.xis 100 yr Ground emissl.xts 100 yr Ground

Csl37=7.67E-7 C4 1 Csl37=7.67E-7 C 1

-Monitor SMT. DMrs, and MUSTs Sr90=9,52E-6Cl/Y 53% of current Sr90=9.52i-6CI/Y 59% of current
-Operate 242A Evaporator emt.xis (periodIc) 10 yr 6.7 m 10.3 cu m/s 46 C emit.ds (periodic) 10 yr 6.7 m 10.3 Cu rn/s 460

Tot. Apa =2.1E-5 CVY .53 m Tot. AJpa =2.1 E-5 CI/ .53 m
rot. Beta=1 .2E-5 Cl/Y Tot. Beta=1 .2E-5 Cl/V

Retrieval Assume 50%
of 26 yr Ground Table D.60 26 yr Ground
Table D.60

Evaporate DSTS (a) ermt.xlas (continua 5 yr 6.7 m 10.3 cu m/s 46 C NOT APPLICABLE
Tot. Alpha=1 Ae-4 ClV
Tot. Beta=Bfl4E-5 Cl/V .53 m

q~epgLatlons_ _-_--_--_--_--_--_--_- INCLUDED IN VITRIFICATION INCLUDED IN VITRIFICATION
Vftrfy Tank Waste Table D.54 24 yr 55 m 33cum/s 160cC TobleD.61 24 yr 55 m 33 cu m/s 160 oC

pg. D-103 .88 m .88 m

---------------- --------------------- T------------------------------------------ L----------------------P-roess Capsules NOT~~~~~~~APICdABLE~~~~~~~N~OT~~~ ~~ APPLICABLE

-------------- ------------------------------------------------ -------------------------------------
yagreqat 9 PDsPosaL NO EMISSIONS NO EMISSIONS
-------------------------------------------------------------------- -------------------------MonitorIng and Maintenao NO EMISSIONS NO EMISSIONS

Post Renedlation
Clos~ure_ _NOEMISSIONS _NO ___ (_EMISSI.ONS
Monitoring of Final Waste Fol NO EMISSIONS NO EMISSIONS
References
(a)For ISV and In Situ Gravel.

Title: Source Term for Air Modeling of Routine Risk

TITLE: SOURCE FOR NGNI C IG- 11-95

emission~xsPage 3



Alternative 8.0 No Separations 9.0 Extensive Separations
Alternative Alternative

Duration In Stack Stack Stack Duration in Stack Stock Stack
Source Years Ht/Rad Velocity Temp. Source Years Ht/Rad Velocity Temp.

Construcfion NO EMISSIONS NO EMISSIONS

Continued Operations emissl.xis - -- yr Ground emissi.xs 100yr Ground
Csl37=7.67E-7 CI fY Cs137=7.67E-7 C1N

-Monitor SSTs, DSTs. and MUSTs 890-9._2E-6CIY 69% of current Si90=9.52E-60_ _-_ 58% of current
perateC 242A Evaporator460 emlt.xls (perIodic) 10 yr 6.7 m 10.3 cu m/s 46C

Tot. Adpa =2.1E-5 CI/ .53 m Tot. Apa =2.1E-5 CIN .53 m
Tot. Betc=1 .2E-5 Cl/Y Tot. Beta=1 .2E-5 Cl/V

Retrieval
Table D.60 19 yr Ground Table D.60 23 yr Ground

Evaporate~DSTS(a) N~~~ ~~~~~~~~ IkCABLE NOT APPLIABLE ~

?pp-latL~--~~~-- ~~~~~- NOT APPLICABLE
Vitrify Tank~Waste ~TobleD.65 -~~~lyr~~ m~ n~3 3cum/s ~1oC TabeD.69 21-y --- 55m 33cum/s 160 C

(change C-14 to .88 m .88 m
812 Cl or 58 CIlJr for calcination) _ _ _-_-_-_-_

Process Capsules NOT APPLICABLE NOT APPLICABLE

Stoag- ndDiposl~~~~ ~~~~~~~NO EMIONS~~~~ ~~- ~~~~~~~ NO EMISSIONS

Monitoring and Maintenanc ~ NO EMISSIONS NO EMISSIONS
Post Remediation]
Closure J NO EMISSIONS NO EMISSIONS
Moniorng of Final Waste For NO EMISSIONS NO EMISSIONS
References
(a)For ISV and In Situ Gravel . 58

Title: Source Term for Air Modeling of Routine Risk

10-11-95TITLE: SOURCE FOR NGNINVOLVED WORKER AND PUBLIC

emission.xisPage 4



Alternative 10.0 Capsule-No Action 11. Capsule-Onsile
Alternative Storage

Duration in Stock Stack Stack Duration In Stack Stack Stack
Source Years Ht/Rod Velocity Temp. Source Years Ht/Rad Velocity Temp.

Construction NOT APPLICABLE NO EMISSIONS

y~t L ----------s----~-~~-~--------------~~---~~~~--~~~~~~---~~~~~~------------~~-~~~-~~~-~~~~
Continued Operations NOT APPLICABLE NOT APPLICABLE

-Monitor SSTs. OSTs. and MUSTs
-Operate 242A Evaporator NOT APPLICABLE NOT APPLICABLE

------------------ --------------~~~------------------------- ---------------------------------------
Retrieval NOT APPLICABLE NOT APPLICABLE

--------------------- -------------------------------------- --------------------------------------
qEvporaCte22 DSTS-----Ca--- NOT APPLICABLE NOT APPLICABLE

Veirat nst NOT APLICABLE -------------- NO0T APPLIC-A-BLE----------

--------------------------------------------------------- ------------------------

P5rocess Capsules wefps.xls 10 yr 21 m 10.2 mps 20(5fp~l 9yr 2 02ms2

C---------------_- --------.----- -_53 m radius 9.2 cu rn/s ..............._.._....._53 m radius 9.2 cu m_ _ _---s__-
Storaean Disosa NOT APPLICABLE NO EMISSIONS

Monitoring ---n------------------------------------------------------------------ L--------- ---------

Post Rentecliallan
C(g4Lr NTAPLICABLE N MSIN
Monitoring of Final Waste Fat NOT APPLICABLE NO EMISSIONS
References
(a)For ISV and In Situ Gravel.

Title: !nurce Term for Air Modeling of Routine Risk

10-11-95TITLE: SOURCE FOR NO C

emissionxisPage 5



Alternative 12.0 Capsule-Overpack 13.0 Capsule-VitifKy
and Ship with Tank Waste

Duration in Stack Stack Stack Duration in Stack Stack Stack

Source Years Ht/Rad Velocity Temp. Source Years Ht/Rad Velocity Temp.

Constructlon NO EMISSIONS NO EMISSIONS

Continued Operations NOT APPLICABLE NOT APPLICABLE

-Monitor SSTs. DSTs, and MUSTs- --------- ---------------------------------------

-Operate 242A Evaporator NOT APPLICABLE NOT APPLICABLE

---- - --- - - -- - - - --------------------- ----------- -- -- ---P-- -- ---AB-
RetiealNOT APPLICABLE NOT APPLICABLE

Evaporate Ds~TS a)~~-~ NO~5T APPfLICABEE~--~~~ ~~~~~~~~~ NOT ~A~PPLICABLE

~pP2Lti~fls NOT----APPLI---CABLE NOT APPLICABLE
Vitrify Tank Waste NOT APPLICABLE NOT APPLICABLE

Proces s- ~- C-aepsles-s s --o 19-y-r 2-1 m --.2 mps 20 wesfops.xs 19 yr 21m 10.2 mps 20 C

- F- .53 m radius 9.2 cu rn/s ____.53 m radius_9.2 u mis
orgeandDisposal NOT APPLICABLE NOT APPLICABLE

Monitoring and MaIntenanc NOT APPLICABLE NOT APPLICABLE
Post Rernedlation -

Closure _____ _- _ -NO.T PLICABLE _____________-__ NOT APPLICABLE
Monitoring of Final Waste For NOT APPLICABLE NOT APPLICABLE

References
(a)For ISV and In Situ Gravel.

emisslon.xisTitle: Source Term for Air Modeling of Routine Risk

10-11-96TITLE SOURCE FOR NON C

Page 6



Table D.9-1 Atmospheric Radiological Emissions for the Phased Implementation
Alternative, Tank Waste

Tank Farm Emissions 1.2 Evaporator Emissions' Separation and LAW Separation/LAW Vitrification
Vitrification and HLW Vitrification
Emissions1,3  Emissions 4

Contaminants Ci/yr Contaminants Ci/yr Contaminants Ci/yr Contaminants Cl/yr
Released Released Released Released

Total Alpha 2.88E-08 Total Alpha 2.10E-05 241Am 9.13E-07 241Am 4.03E-04

Total Beta 7.91 E-07 Total Beta 1.20E-05 14 1.12E+02 14C 1.18E+02
129 4.60E-05 137Cs 5.24E-03 17Cs 2.91 E-01
137Cs 5.38E-05 239Pu 2.21E-07 23Pu 4.42E-04

"Sr 1.81 E-05 "Sr 2.02E-04 "Sr 4.48E-01

"Tc 2.75E-06 "Tc 2.79E-05

Jacobs Engineering Group Inc. Engineering Calculations for the Tank Waste Remediation System Environmental Impact
Statement. Jacobs Engineering Group Inc. Kennewick, WA. September 1995.
2 This estimate includes retrieval emissions.
3 There will be two treatment facilties with these emissions. One facility will operate for ten years and the second will operate for
four years.
4 These emissions will occur during the last six years of operation for the second treatment facility.



Table D.9-2 Atmospheric Transport Parameters for
the Phased Implementation Altemative, Tank Waste

Tank Evaporator 1 Separation
Farms and

Vitrification

Stack height in m (ft) Ground 6.70 (22) 45.7 (150)

Stack radius in m (ft) 0.53 (1.6) .50 (1.6)

Stack flow rate in m3/s (fW/s) 10 (353) 10.8 (381)

Stack temperature in *C (OF) 46(117) 65.6 (150)

Noninvolved worker MEI 100 (328) 200 (656) 400 (1312)
location in m ESE (ft)

Public MEI location in km ESE 22 (14) 22 (14) 22 (14)
(mi)

Chi/Q for noninvolved worker - 1.60E-03 4.00E-04 1.20E-04
population in s/m3

ChI/Q for noninvolved worker - 4.00E-04 2.50E-06 9.40E-08
MEI in s/m 3

ChVQ for general public - 2.90E-03 1.60E-03 8.00E-04
population In s/m3

ChVQ for general public - MEl in 6.60E-08 3.90E-08 1.50E-08
s/rn3



Table D.9-3 Summary of Anticipated Radiological Exposure
for Ex Situ Extensive Separations Atemative, Tank Waste

Receptor Tank Evaporator Seperation and Separation Seperation and Total
Farms (10-yr) LAW and LAW LAW/HLW
(10-yr) Vitrification Vitrification Vitrification

(1 O-yr) (4-yr) (6-yr)

Noninvolved Worker - 1.3E-04 1.2E-03 7.1E-02 2.8E-02 1.5E-01 2.5E-01
Population in Person-Rem

Noninvolved Worker - MEI 3.2E-05 7.0E-05 5.8E-05 2.3E-05 1.2E-04 3.0E-04
in Rem

General Public - 1.1E-02 4.8E-02 3.2E+01 1.3E+01 2.2E+01 6.7E+01
Population in Person-Rem
General Public - 3.4E-07 1.2E-06 9.1E-04 3.6E-04 6.6E-04 1.94E-03
ME! in Rem I I I I I I

Table D.9-4 Summary of Anticipated Risk
for Phased Implementation Altemative, Tank Waste

Receptor Combined Dose LCF Risk

Noninvolved Worker - 2.5E-01 person-rem 1.0E-04
Population

Noninvolved Worker - MEl 3.0E-04 rem 1.2E-07

General Public - Population 6.7E+01 person-rem 3.4E-02

General Public - 1.94E-03 rem 9.7E-07
MEI



PL.xLS

phased im lementation
lx2,8 per yr | x2,8 Dper yr

am241 3.26E-06 9.13E-06 9.13E-07 1.44E-03 4.03E-03 4.03E-04
c14 4.WOE+02 1.12E+03 1.12E+02 4.20E+02 1.18E+03 1.18E+02
cs137 1.87E-02 5.24E-02 5.24E-03 1.04E+00 2.91E+00 2.91E-01|
pu239/240 7.90E-07 2.21E-06 2.21E-07 1.58E-03 4.42E-03 4.42E-04
sr90 7.20E-04 2.02E-03 2.02E-04 1.60E+00 4.48E+00 4.48E-01
tc99 9.83E-06 2.75E-05 2.75E-06 9.95E-05 2.79E-04 2.79E-051
at 100% capacly 10 yr

source sep/law dose/yr tot dose risk
am241 3.26E-06 9.13E-06 9.13E-07 onsite po 7.10E-03 7.10E-02 2.84E-05
c14 4.OOE+02 1.12E+03 1.12E+02 onsite me 5.80E-06 5.80E-05 2.32E-08
cs137 1.87E-02 5.24E-02 5.24E-03 offs(te pO 3.2 3.20E+01 0.016
pu239/240 7.90E-07 2.21E-06 2.21E-07 offsite me 9.10E-05 9.10E-04 4.55E-07
sr9O 7.20E-04 2.02E-03 2.02E-04
tc99 9.83E-06 2.75E-05 2.75E-06 4 YR

Idose/yr tot dose risk
onsitepq 7.10E-03 2.84E-02 1.14E-05

_______ _____ _____ _____ ______onsie me 5.80E-06 2.322-05 9.282-09
offsIte p 3.2 1.28E+01 0.W064
offsIte me 9.10E-05 3.64E-04 1.82E-07

source sep/law/hlw 6 yr
am241 1.44E-03 4.03E-03 4.03E-04 dose/yr tot dose risk
c14 4.20E+02 1.18E+03 1.18E+02 onslte p 2.50E-02 1.50E-01 0.00006
cs137 1.04E+001 2.91E+00 2.91E-01 onslite me 2.CEE-05 1.20E-04 4.8E-08
pu239/240 1.58E-03 4.42E-03 4.42E-04 offsIte poi 3.7 2.22E+01 0.0111
sr9o 1.60E+00 4.48E+00 4.48E-01 offsIte me 1.10E-04 6.60E-04 3.3E-07
tc99 9.95E-05 2.79E-04 2.79E-05

lOyr 4YR 6yr
TF EVAP dose/yr tot dose dose/yr tot dose dose/yr tot dose COMB DOSE

onsite po 1.30E-04 1.20E-03 7.10E-03 7.10E-02 7.10E-03 2.84E-02 2.50E-02 1.50E-01 2.51E-01 1.mOE-04
onsite mel 3.20E-05 7.OOE-05 5.80E-06 5.80E-05 5.80E-06 2.32E-05 2.OmE-05 1.20E-04 3.03E-04 1.21E-07
offsIte p 1.10E-02 4.80E-02 3.2 3.20E+01 3.2 1.28E+01 3.7 2.22E+01 6.71E+01 3.35E-02
offslte mel 3.40E-07 1.20E-06 9.10E-05 9.10E-04 9.10E-05 3.64E-04 1.10E-04 6.60E-04 1.94E-03 9.68E-07

Page 1
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Table D.65 Summary of Anticipated Radiological Exposure
for Ex Situ No Separations Alternative, Tank Waste

Receptor Tank Farms Evaporator 1 Retrieval Separate Calcination Total for Total for
(24-yr) (10-yr) (19-yr) and Vitrify (14-yr) Vitrification Calcination

(14-yr)

Noninvolved Worker - 3.1E-04 1.2E-03 6.7E-03 1.0E+00 9.OE-01 1.OE+00 9.1E-01
Population

Noninvolved Worker - 7.7E-07 1.3E-04 1.7E-03 5.90E-04 5.2E-04 2.4E-03 2.4E-03
MEl

General Public - 2.6E-02 4.8E-02 1.7E+00 3.10E+02 2.2E+02 2.2E+02
Population .1_ 6t>-a

General Public - 8.2E-07 1.9E-06 5.5E-05 6.7E-03 4.8E-03 4.9E-03 6.8E-03
MEl _

Table D.66 Summary of Anticipated Risk
for Ex Situ No Separations Alternative, Tank Waste

Receptor Combined Dose for LCF Risk for Combined Dose for LCF Risk for
Vitrification Vitrification Calcination Calcination

Noninvolved Worker - 1.0E+00 person-rem 9.1E-01 person-rem
Population

Noninvolved Worker - MEI 2.4E-03 rem 2.4E-03 rem

General Public - Population _trson-remO 2- 2.2E+02 person-rem

General Public - 4.2&f'rem 4.E' rem
MEI '4e -0-3

/.96-03 11

YP



Table D.57 Summary of Anticipated Radiological Exposure
for Selective Retrieval Alternative, Tank Waste

Receptor Tank Farms Evaporator 1 Evaporator 2 Gravel Fill' Retrieval Separate and Total
(29-yr) (1O-yr) (3-yr) (8-yr) (26-yr) Vitrify

(24-yr)

Noninvolved Worker - 3.8E-04 1.2E-03 2.4E-02 1.6E-07 7.7E-03 8.2E-01 8.5E-01
Population in Person-
Rem

Noninvolved Worker - 9.3E-05 1.3E-04 1.5E-04 4.0E-08 2.1E-03 4.8E-04 3.0E-03
MEl in Rem

General Public - 3.2E-02 4.8E-02 1.02E-01 1.5E-05 2.1 E+00 2.6E+02 2.
Population in Person-
Rem I 6t

General Public - 9.9E-07 1.9E-06 2.5E-06 4.4E-10 6.8E-05 6.0E-03 6.1E-03
MEl in Rem

Table D.58 Summary of Anticipated Risk
for Selective Retrieval Alternative, Tank Waste

Receptor Combined Dose LCF Risk

Noninvolved Worker - 8.5E-01 person-rem
Population

Noninvolved Worker - MEI 3.0E-03 rem

General Public - Population ga herson-rem ,'. P '- 6-C

General Public - 6.1 E-03 rem
MEl



Table D.39 Atmospheric Radiological Emissions for No Action
Alternative, Tank Waste

Tank Farm Emissions Evaporator Emissions

Contaminants Cl/yr Released Contaminants Ci/yr Released

Total Alpha r)!" e64e-08 Total Alpha 2.1 Oe-05

Total Beta 7.91e-07 Total Beta 1.20e-05

90Sr 1.81e-05
137Cs 5.38e-05
129

1 4.60e-05

Source: Henderson, C. Personal Communcation. Jacobs Engineering Group, Kennewick,
WA. September 1995.



Table D.40 Atmospheric Transport Parameters for No Action Alternative,
Tank Waste

Tank Farm Evaporato /

Emissions Emissions

Stack height in m (ft) Ground 6.7 (22)

Stack radius in m (ft) 0.53 (2)

Stack flow rate in ma/s (ft/s) 10 (353)

Stack temperature in *C (*F) 46(117)

Noninvolved worker MEl location in m ESE 100 (328) 200 (646)
(ft)

Public MEI location in km ESE (mi) 22 (14) 22 (14)

Chi/Q for noninvolved worker - population in 1.60e-03 4.00e-04
s/m3

Chi/Q for noninvolved worker - MEI in s/M 3  4.00e-04 4 M

Chi/Q for general public - population in s/m3  2.90e-03 1.60e-03

Chi/Q for general public - MEl in s/m3 6.60e-08 8
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Table D.41 Summary of Anticipated Radiological Exposure
for No Action Alternative, Tank Waste

Receptor Tank Farms Evaporator Total
(100-yr) (10O-yr)

Noninvolved Worker - 1.3E-03 1.2E-03 2.5E-03
Population in Person-Rem

Noninvolved Worker - MEl 3.2E-04 1.3 04
in Rem _- 6 3 qe-oq
General Public - 1.1 E-01 4.8E-02 1.6E-01
Population in Person-Rem

General Public - 3.4E-06 1.9
MEl in Rem -o p

Table D.42 Summary of Anticipated Risk
for No Action Alternative, Tank Waste

Receptor Combined Dose LCF Risk

Noninvolved Worker - 2.5E-03 person-
Population rem

Noninvolved Worker - MEl 1.6

General Public - 1.6E-01 person-
Population rem

General Public - rem



Table D.43 Atmospheric Radiological Emissions for Long Term Management Alternative, Tank Waste

Tank Farm Emissions Evaporator Emissions Retrieval Emissions Evaporator Emissions

Contaminants Ci/yr Contaminants Ci/yr Contaminants Ci/yr Contaminants Cl/yr Released
Released Released Released

Total Alpha & eB e-08 Total Alpha 2.10e-05 "Sr 1.00e-05 Total Alpha 1.04e-04

Total Beta 7.91 e-07 Total Beta 1.20e-05 '37Cs 7.00e-05 Total Beta 8.04e-05

"Sr 1.81e-05 1291 1.00e-04

137cs 5.38e-05

1291 4.60e-05

Source: Henderson, C. Personal Communcation. Jacobs Engineering Group, Kennewick, WA. September 1995.

e



Table D.44 Atmospheric Transport Parameters for Long Term Management Alternative,
Tank Waste

Tank Evaporator 1 DST Evaporator
Farms Retrieval 2

Stack height in m (ft) Ground 6.70 (22) Ground 6.70 (22)

Stack radius in m (ft) 0.53 (1.6) 0.53 (1.6)

Stack flow rate in m3/s (ft/s) 10 (__) 10 (

Stack temperature in 0C (F) 46(117) 46(117)

Noninvolved worker ME! location 100 (328) 200 (656) 200 (656)
in m ESE (ft)

Public MEl location in km ESE 22 (14) 22 (14) 22 (14)
(mi)

Chi/Q for noninvolved worker - 1.60e-03 4.00e-04 1.6E-03 4.00e-04
population in s/m

Chi/Q for noninvolved worker - 4.00e-04 4.0e-04 2.50e-06
MEl in s/m3

Ch/Q for general public - 2.90e-03 1.60e-03 2.9e-0 1.60e-03
population in s/m 3

ChVQ for general public - MEl in 6.60e-08 6.6e-08 3.90e-08
s/rn3



Table D.45 Summary of Anticipated Radiological Exposure
for Long Term Management Alternative, Tank Waste

Receptor Tank Farms Evaporator 1 DST Retrieval Evaporator 2 Total
(100-yr) (10-yr) (10O-yr) (10 yr)

Noninvolved Worker - 1.3E-03 1.2E-03 9.2E-05 8.OE-02 8.3E-02
Population in Person-Rem

Noninvolved Worker - MEI in 3.2E-04 2.4E-06 4.9E-04
Rem > 1co' 24-0 .20 .

General Public - Population in 1.1 E-01 4.8E-02 2.3E-03 3.3E-01 4.9E-01
Person-Rem

General Public - 3.4E-06 1 7.1E-08 8.3E-06 1.4
MEl in Rem /a C5 -__( I

,7

,s e-OS5

Table D.46 Summary of Anticipated Risk
for Long Term Management Alternative, Tank Waste

Receptor Combined Dose LCF Risk

Noninvolved Worker - 8.3E-02 person-rem
Population

Noninvolved Worker - MEl 9.5 m 8. -q
General Public - Population 4.9E-01 person-rem

General Public - 1, [. 0.O
MEl

n



Table D.47 Atmospheric Radiological Emissions for In Situ Fill and Cap Alternative, Tank Waste

Tank Farm Emissions Evaporator Emissions DST Evaporator Emissions Gravel Fill Emissions

Contaminants Ci/yr Contaminants Ci/yr Contaminants Ci/yr Contaminants CL/yr
Released Released Released Released

Total Alpha ; ?5D43-08 Total Alpha 2.1 Ce-05 Total Alpha 1.04e-04 Total Alpha 9.83e-1 1

Total Beta 7.91 e-07 Total Beta 1.20e-05 Total Beta 8.04e-05 Total Beta 2.69e-09

"Sr 1.81e-05 "Sr 2.91e-08

137Cs 5.38e-05 ISCs 1.81 e-07

1291 4.60e-05 1291 1.57e-07

Source: Henderson, C. Personal Communcation. Jacobs Engineering Group, Kennewick, WA. September 1995.



Table D.48 Atmospheric Transport Parameters for
In Situ Fill and Cap Alternative, Tank Waste

Tank Evaporator 1 Evaporator 2 Gravel Fill
Farms

Stack height in m (ft) Ground 6.70 (22) 6.70 (22) Ground

Stack radius in m (ft) 0.53 (1.6) 0.53 (1.6)

Stack flow rate in m/s (ff/s) 10 (i ) 10 ()

Stack temperature in 'C (*F) 46 (117) 46 (117)

Noninvolved worker ME! location 100 (328) 200 (656) 200 (656) 100 (328)
in m ESE (ft)

Public MEl location in km ESE 22 (14) 22 (14) 22 (14) 22 (14)
(mi)

Chi/Q for noninvolved worker - 1.60e-03 4.00e-04 4.00e-04 1.60E-03
population in s/in

ChVQ for noninvolved worker - 4.00e-04 2.50e-06 4.00E-04
MEI in s/m

Chi/Q for general public - 2.90e-03 1.60e-03 1.60e-03 2.90E-03
population in s/mn3

ChVQ for general public - ME in 6.60e-08 6 3.90e-08 62 Q<8
s/m 3



Table D.49 Summary of Anticipated Radiological Exposure
for In Situ Fill and Cap Alternative, Tank Waste

Receptor Tank Farms Evaporator 1 Evaporator 2 Gravel Fill Total
(19-yr) (10-yr) (5-yr) (8-yr)

Noninvolved Worker - 2.5E-04 1.2E-03 4.OE-02 3.2E-07 4.2E-02
Population in Person-Rem

Noninvolved Worker - MEl in 6.1 E-06 2.5E-04 8.OE-08
Rem

General Public - Population in 2.1 E-02 4.8E-02 1.7E-01 3.0E-05 2.4E-01
Person-Rem

General Public - 6.5E-07 1.9 4.1E-06 8.8E-10 6
MEl in Rem - ____I____

e (__

Table D.50 Summary of Anticipated Risk
for In Situ Fill and Cap Alternative, Tank Waste

Receptor Combined Dose LCF Risk

Noninvolved Worker - 4.2E-02 person-rem
Population

Noninvolved Worker - MEL rem ______ _.

General Public - Population 2.4E-01 person-rem

General Public - rem
MEl



Table D.51 Atmospheric Radiological Emissions for In Situ Vitrification Alternative, Tank Waste

Tank Farm Emissions' Evaporator Emissions' DST Evaporator Emissions' In Situ Vitrification
Emissions2

Contaminants Ci/yr Contaminants Ci/yr Contaminants Ci/yr Contaminants Cl/yr
Released Released Released Released

Total Alpha b6re-08 Total Alpha 2.1Oe-05 Total Alpha 1.04e-04 241Am 1.90e-06

Total Beta 7.91 e-07 Total Beta 1.20e-05 Total Beta 8.04e-05 14C 1.10e+03

"Sr 1.81e-05 1
37Cs 6.20e-04

137Cs 5.38e-05 1291 3.20e+00

129 4.60e-05 2,Pu 6.00e-07

1DRu 6.80e-13

1
1Sm 1.14e-05

"Sr 9.40e-04

"Tc 5.80e-07

"Zr 7.00e-08

Henderson, C. Personal Communcation. Jacobs Engineering Group, Kennewick, WA. September 1995.
2 WHC. 1995a. (C. M. McConville) In Situ Treatment and Disposal of Radioactive Tank Waste in Hanford Site Underground Storage Tanks
Engineering Data Package for the Tank Waste Remediation System Environmental Impact Statement. WHC-SD-WM-EV-101, Rev. B (Draft).
Westinghouse Hanford Company, Richland, Washington. February 1995.



Table D.52 Atmospheric Transport Parameters for
In Situ Vitrification Alternative, Tank Waste

Tank Farms Evaporator 1 Evaporator 2 In Situ
Vitrification

Stack height in m (ft) Ground 6.70 (22) 6.70 (22) Ground

Stack radius in m (ft) 0.53 (1.6) 0.53 (1.6)

Stack flow rate in m3/s (ft3/s) 10 10 (

Stack temperature in 0C (*F) 46 (117) 46 (117)

Noninvolved worker MEl location 100 (328) 200 (656) 200 (656) 300 (984)
in m ESE (ft) I

Public MEl location in km ESE 22 (14) 22 (14) 22 (14) 22 (14)
(mi)

Chi/Q for noninvolved worker - 1.60e-03 4.00e-04 4.00e-04 2.00e-04
population in s/mrn

ChL/Q for noninvolved worker - 4.00e-04 4.9406 2.50e-06 2.30e-07
MEl in s/rn3

ChIVQ for general public - 2.90e-03 1.60e-03 1.60e-03 1.10e-03
population in s/rn3

Ch/Q for general public - MEI in 6.60e-08 3.90e-08
s/rn.3 2.4e-0



Table D.53 Summary of Anticipated Radiological Exposure
for In Situ Vitrification Alternative, Tank Waste

Receptor Tank Farms Evaporator 1 Evaporator 2 In Situ Total

(1 9-yr) (1 0-yr) (5-yr) Vitrification
(9-yr)

Noninvolved Worker - 2.5E-04 1.2E-03 4.OE-02 3.50E-04 4.2E-02
Population in Person-Rem

Noninvolved Worker - ME in 6.1E-06 2.5E-04 2.2E-06 3.9 3 /6
Rem e -05
General Public - Population in 2.1E -02 4.8E-02 1.7E-01 1.4E-03 2.4E-01
Person-Rem I

General Public - 6.5E-07 1 4.1E-06 3.1E-08 -6 -6t( a
ME in Rem r

Table D.54 Summary of Anticipated Risk
for In Situ Vitrification Alternative, Tank Waste

Receptor Combined Dose LCF Risk

Noninvolved Worker - 4.2E-02 person-
Population rem

Noninvolved Worker - MEI 3 .9 3 e _6q
General Public - Population 2.4E-01 person-

rem

General Public -
ME! _ _ _ _ _ _ _ _ _ _ _



Table D.55 Atmospherc Radiological Emissions for Selective Retrieval
Alemnative, Tank Waste

Tank Farm Enissons' Evaporator Emissions' Evaporator Emissions Retrieval EmIssions' Gravel and Fil Emissions' Separation and Vitrification
ErnissIona'

Contaminants CVyr Contaminants Cvyr Containants Ciyr Conlaminarts CLyr Contaminards CVyr Contaminarts CLyr
Released Released released Released Released Released

Total Alpha 08 Total Alpha 2.10e-05 Total Alpha 1.04e-04 -Sr 5.0De-04 Total Alpha 4,92e-11 InAm 3.0oe-s3

Total Beta 7.91e-07 Total Beta t.20e-05 Total Bea 8.04E-05 "'Cs 2.00e.03 Total geta 1.34-09 "c 2.21e+02

"Sr 1.Se-05 nl 4.oe-03 "Sr 1.45e-08 '"Cs 1.49a-.O

'Cs 5.38e-06 "'Cs 9.01E-08 'l 2.13e+00

4.&1e-35 al7.S5e-08 '"Pu 8.71e-04

taRu 4.83e-07

"'Sm 1.430-02

"Sr e1.47+00

"To .40se-04

"Zr 829-03

Henderson, C. Personal Communcation. Jacobs Engineering Group, Kennewick, WA. September 1995.
2 WHC. 1994. (E. A. Fredenberg) Waste Retrieval and Transfer Engineering Data Package for the Tank Waste Remediation System
Environmental Impact Statement, WHC-SD-WM-EV-097, Rev. A (Draft). Westinghouse Hanford Company, Richland, Washington. October
1994.
3WHC. 1994a. (E. J. Slaathaug) Engineering Data Package for the Tri-Party Agreement Alternative, WHC-SD-WM-EV-ERIC, Rev. A (Draft).
Westinghouse Hanford Company, Richland, Washington. November 1994.



Table D.56 Atmospheric Transport Parameters for
Selective Retrieval Alternative, Tank Waste

Tank Evaporator 1 Evaporator 2 Gravel Fill Retrieval Separate and
Farms Vitrify

Stack height in m (ft) Ground 6.70 (22) 6.70 (22) Ground Ground 55 (180)

Stack radius in m (ft) 0.53 (1.6) 0.53 (1.6) .88(3)

Stack flow rate in m/s (ft3/s) 10( 10' 33 (1,165)

Stack temperature in *C (*F) 46(117) 46(117) 160 (32)

Noninvolved worker MEl location in 100 (328) 200 (656) 200 (656) 100 (328) 100 (328) 800 (2,625)
m ESE (ft)

Public MEI location in km ESE (mi) 22 (14) 22 (14) 22 (14) 22 (14) 22 (14) 22 (14)

ChVQ for noninvolved worker - 1.60e-03 4.00e-04 4.00e-04 1.6e-03 1.60e-03 5.00e-05
population in s/rm

ChVQ for noninvolved worker - MEI 4.00e-04 4 2.50e-06 4.00e-04 4.00e-04 2.90e-08
in s/mr ?&42

Ch/Q for general public - 2.90e-03 1.60e-03 1.60e-03 2.90e-03 2.90e-03 5.00e-04
population in s/rm

ChVQ for general public - MEI in 6.60e-08 6. e08 3.90e-08 6.00e-08 6.60e-08 7.70e-09
s/m_ _



Table D.57 Summary of Anticipated Radiological Exposure
for Selective Retrieval Alternative, Tank Waste

Receptor Tank Farms Evaporator 1 Evaporator 2 Gravel Fill Retrieval Separate and Total
(29-yr) (10-yr) (3-yr) (8-yr) (26-yr) Vitrify

(24-yr)

Noninvolved Worker - 3.8E-04 1.2E-03 2.4E-02 1.6E-07 7.7E-03 8.2E-01 8.5E-01
Population in Person-
Rem

Noninvolved Worker - 9.3E-05 1. - 4 1.5E-04 4.OE-08 2.1 E-03 4.8E-04
MEl in Rem

General Public - 3.2E-02 4.8E-02 1.02E-01 1.5E-05 2.1E+00 2.6E+02
Population in Person-
Rem ____ ____

General Public - 9.9E-07 1.9 2.5E-06 4.4E-10 6.8E-05 6.0E-03 6.1E-03
MEI in Rem

Table D.58 Summary of Anticipated Risk
for Selective Retrieval Alternative, Tank Waste

Receptor Combined Dose LCF Risk

Noninvolved Worker - 8.5E-01 person-rem
Population

Noninvotved Worker - MEl 30-em _ -

General Public - Population m ____________C _

General Public - 6.1 rem
MEI

Lcna



Table D.59 Atmospheric Radiological Emissions for Ex Situ Intermediate Separations
Alternative, Tank Waste

Tank Farm Emissions' Evaporator Emissions' Retrieval Emissions2  Separation and Vitrification
Emissions'

Contaminants Ci/yr Contaminants Ci/yr Contaminants Ci/yr Contaminants Cl/yr
Released Released Released Released

Total Alpha 8,-08 Total Alpha 2.1Oe-05 "Sr 5.00e-04 241Am 3.0e-03

Total Beta 7.91e-07 Total Beta 1.20e-05 "'Cs 2.00e-03 "C 2.21 e+02

"Sr 1.81 e-05 1291 4.00e-03 '37Cs 1.49e-00

Cs 5.38e-05 1291 2.13e+00

1291 4.60e-05 239pu 6.71 e-04

16Ru 4.83e-07

1s1sm 1.43e-02

"Sr 1.47e+O

9Tc 8.46e-04

Zr 8.29e-03

Henderson, C. Personal Communcation. Jacobs Engineering Group, Kennewick, WA. September 1995.
2 WHC. 1994. (E. A. Fredenberg) Waste Retrieval and Transfer Engineering Data Package for the Tank Waste Remediation System
Environmental Impact Statement, WHC-SD-WM-EV-097, Rev. A (Draft). Westinghouse Hanford Company, Richland, Washington. October
1994.
3WHC. 1994a. (E. J. Slaathaug) Engineering Data Package for the Tri-Party Agreement Alternative, WHC-SD-WM-EV-ERIC, Rev. A (Draft).
Westinghouse Hanford Company, Richland, Washington. November 1994.



Table D.60 Atmospheric Transport Parameters for
Ex Situ Intermediate Separations Alternative, Tank Waste

Tank Evaporator 1 Retrieval Separate and
Farms Vitrify

Stack height in m (ft) Ground 6.70 (22) Ground 55 (180)

Stack radius in m (ft) 0.53 (16) .88(3)

Stack flow rate in m3/s (f9/s) 106( 33 (1,165)

Stack temperature in *C (OF) 46 (117) 160

Noninvolved worker MEl location in 100 (328) 200 (656) 100 (328) 800 (2,625)
m ESE (ft)

Public MEI location in km ESE (mi) 22 (14) 22 (14) 22 (14) 22 (14)

Ch/Q for noninvolved worker - 1.60e-03 4.00e-04 1.60e-03 5.00e-05
population in s/rn

Ch/Q for noninvolved worker - MEl 4.00e-04 4.4 -06 4.00e-04 2.90e-0.
in s/rn3

Ch/Q for general public - 2.90e-03 1.60e-03 2.90e-03 5.00e-04
population in s/rm

Ch/Q for general public - MEI in 6.60e-08 6 e-08 6.60e-08 7.70e-09
s/mr3 e..



0/K

Table D.61 Summary of Anticipated Radiological Exposure
for Ex Situ Intermediate Separations Alternative, Tank Waste

Receptor Tank Farms Evaporator 1 Retrieval Separate and Total
(29-yr) (10-yr) (26-yr) Vitrify

(24-yr)

Noninvolved Worker - 3.8E-04 1.2E-03 9.1E-03 9.1E-01 9.2E-01
Population in Person-
Rem

Noninvolved Worker - 9.3E-06 1. 3  2.4E-03 5.3E-04 3.1E-03
MEI in Rem A e-

General Public - 3.2E-02 4.8E-02 2.3E+00 3.1E+02 3.1E+02
Population in Person-
Rem

General Public - 9.9E-07 1. 6 7.5E-05 6.7E-03 6.8E-03
MEl in Rem , _ _-_

Table D.62 Summary of Anticipated Risk
for Ex Situ Intermediate Separations Altemative, Tank Waste

Receptor Combined Dose LCF Risk

Noninvolved Worker - 9.2E-01
Population

Noninvolved Worker - MEl 3.1E-03

General Public - Population 3.1E+02

General Public - 6.8E-03
MEl



Table D.63 Atmospheric Radiological Emissions for Ex Situ No Separations
Altemative, Tank Waste

Tank Farm Emissions' Evaporator Emissions' Retrieval Emissions2  Vitrification/Calcination
Emissions3

Contaminants Ci/yr Contaminants Ci/yr Contaminants Ci/yr Contaminants Cl/yr
Released Released Released Released

Total Alpha 'i M 0B Total Alpha 2.1Oe-05 "Sr 5.00e-04 ...Am 5.30e-03

Total Beta 7.91e-07 Total Beta 1.20e-05 137Cs 2.00e-03 4C 3.80e+023

5.80E+014

"Sr 1.81e-05 12i 4.00e-03 'rCs 1.80e-00

137Cs 5.38e-05 129 3.60e+00

1291 4.60e-05 MPu 1.20e-03

"0Ru 8.30e-07

1s1sm 2.50e-02

"0Sr 2.50e+00

"Tc 1.50e-03

Zr 1.40e-02

Henderson, C. Personal Communcation. Jacobs Engineering Group, Kennewick, WA. September 1995.
2 WHC. 1994. (E. A. Fredenberg) Waste Retrieval and Transfer Engineering Data Package for the Tank Waste Remediation System
Environmental Impact Statement, WHC-SD-WM-EV-097, Rev. A (Draft). Westinghouse Hanford Company, Richiand, Washington. October
1994.
3 WHC. 1994b. (S. A. Colby) Tank Waste Remediation System Environmental Impact Statement No Pretreatment Data Package,
WHC-SD-WM-EV-COLBY, Rev. A (Draft). Westinghouse Hanford Company, Richland, Washington. November 1994.
4 "C emissions are reduced for the calcination.



Table D.64 Atmospheric Transport Parameters for
Ex Situ No Separations Alternative, Tank Waste

Tank Evaporator 1 Retrieval Vitrification or
Farms Calcination

Stack height in m (ft) Ground 6.70 (22) Ground 55 (180)

Stack radius in m (ft) 0.53(1.6) .88(3)

Stack flow rate in m3/s (f9/s) 10( 33 (1,165)

Stack temperature in 0C ("F) 46 (117) 160 (32)

Noninvolved worker MEI location in 100 (328) 200 (656) 100 (328) 800 (2,625)
mn ESE (it)

Public MEl location in km ESE (mi) 22 (14) 22 (14) 22 (14) 22 (14)

ChVQ for noninvolved worker - 1.60e-03 4.00e-04 1.60e-03 5.00e-05
population in s/m'

Chi/O for noninvolved worker - MEl 4.00e-04 4.00e-04 2.90e-08
in s/m3

ChVQ for general public - 2.90e-03 1.60e-03 2.90e-03 5.00e-04
population in s/m3

Chi/Q for general public - MEl in 6.60e-08 a-08 6.60e-08 7.70e-09
s/rn 3 3.9e-d



C-,

Table D.65 Summary of Anticipated Radiological Exposure
for Ex Situ No Separations Alternative, Tank Waste

Receptor Tank Farms Evaporator 1 Retrieval Separate Calcination Total for Total for
(24-yr) (10 O-yr) (1 9-yr) and Vitrify (14-yr) Vitrification Calcination

(14-yr)

Noninvolved Worker - 3.1 E-04 1.2E-03 6.7E-03 1.OE+00 9.0E-01 1.0E+00 9.1E-01
Population

Noninvolved Worker - 7.7E-07 1.7E-03 5.90E-04 5.2E-04 2.4E-03 -03
MEI /.D6-O.5

General Public - 2.6E-02 4.8E-02 1.7E+00 3.10 2.2E+02 1. 2.2E+02
Population I ,__I____

General Public - 8.2E-07 E-06 5.5E-05 6.7E-03 4.8E-03 A

MEI

Table D.66 Summary of Anticipated Risk
for Ex Situ No Separations Alternative, Tank Waste

Receptor Combined Dose for LCF Risk for Combined Dose for LCF Risk for
Vitrification Vitrification Calcination Calcination

Noninvolved Worker - 1.0E+00 person-rem 9.1E-01 person-rem
Population

Noninvolved Worker - MEl 2.4E-03 rem ;ME-03 rem I

General Public - Population e-rson-rem ., C 6 - 2.2E+02 person-rem

General Public - 4.&mfrem " rem
MEl t's e- -o.3 __ _ 916 -03

Ks#1



Table D.67 Atmospheric Radiological Emissions for Ex Situ Extensive Separations
Altemative, Tank Waste

Tank Farm Emissions' Evaporator Emissions' Retrieval Emissions2 ' Separation and Vitrification
Emissions'

Contaminants CVyr Contaminants Cl/yr Contaminants Ci/yr Contaminants Cl/yr
Released Released Released Released

Total Alpha 'A1e-C8 Total Alpha 2.1Oe-05 "Sr 5.00e-04 2 'Am 2.40e-03

Total Beta 7.91 e-07 Total Beta 1.20e-05 ' 37Cs 2.00e-03 14C 2.50e+02

5.38e-05 4.00e-03 "'Cs 5.70e+01
4~&O6 1291 1 G.oO

WEN4.60e-05 * 1.90e-D0

9Sr 1.81 e-05 "Pu 8.90e-04

1 GRu 1.70e-07

'Sr 1.10e-02

91Tc 2.30e-01

'Zr 5.50e-04

Henderson, C. Personal Communcation. Jacobs Engineering Group, Kennewick, WA. September 1995.
2 WHC. 1994. (E. A. Fredenberg) Waste Retrieval and Transfer Engineering Data Package for the Tank Waste Remediation System
Environmental Impact Statement, WHC-SD-WM-EV-097, Rev. A (Draft). Westinghouse Hanford Company, Richland, Washington. October
1994.
' WHC. 1995b. (G. Janson, Jr., B. J. Knutson, G. K. Allen, L. Lauerhass) Extensive Separations Engineering Data Package for the Tank Waste
Remediation System Environmental Impact Statement. WHC-SD-WM-EV-100, Rev. B (Draft). Westinghouse Hanford Company, Richland,
Washington. May 1995.



Table D.68 Atmospheric Transport Parameters for
Ex Situ Extensive Separations Alternative, Tank Waste

Tank Evaporator 1 Retrieval Separation
Farms and

Vitrification

Stack height in m (ft) Ground 6.70 (22) Ground 55 (180)

Stack radius in m (ft) 0.53 (1.6) .88(3)

Stack flow rate in m3/s (ft/s) 10 33 (1,165)

Stack temperature in 0C (*F) 46(117) 160 (3

Noninvolved worker MEl location in 100 (328) 200 (656) 100 (328) 800 (2,625)
m ESE (ft)

Public MEI location in km ESE (mi) 22 4) 22(14) 22 (14)

ChI/Q for noninvolved worker - 1.60e-03 4.00e-04 1.60e-03 5.00e-05
population in s/rn3

ChVQ for noninvolved worker - MEl 4.00e-04 4.40 6 4.00e-04 2.90e-08
in s/rn3 Z ;&d

ChVQ for general public - 2.90e-03 1.60e-03 2.90e-03 5.00e-04
population in s/rn3

Chi/Q for general public - MEI in 6.60e-08 6 e-e, 5  6.6Oe-08 7.70e-09
s/rn3

II



Table D.69 Summary of Anticipated Radiological Exposure
for Ex Situ Extensive Separations Alternative, Tank Waste

Receptor Tank Farms Evaporator 1 Retrieval Separate and Total
(30-yr) (10-yr) (23-yr) Vitrify

(21 -yr)

Noninvolved Worker - 3.90E-04 1.2E-03 8.1 E-03 7.4E-01 7.52-01
Population in Person-
Rem

Noninvolved Worker - 9.6E-05 1.3 2.1 E-03 4.2E-04
MEI in Rem

General Public - 3.3E-02 4.8E-02 2.1 E+00 2.5E+02 2.5E+02
Population in Person-
Rem

General Public - 1.0E-06 1 -06 6.7E-05 5.5E-03 -03
ME! In Rem /. )' a.- _ 6S.-

Table D.70 Summary of Anticipated Risk
for Ex Situ Extensive Separations Alternative, Tank Waste

Receptor Combined Dose LCF Risk

Noninvolved Worker - 7.5E-01 person-rem
Population

Noninvolved Worker - MEI 4-03 rem

General Public - Population 2.5E+02 person-rem

General Public - 5.C-03 rem
MEl



Table D.71 Atmospheric Radiological Emissions for No Action
Alternative, Capsules

WESF Operating Emissions

Contaminants Cl/yr Released

Total Bela 4.70E-09

*OSr 5.1Oe-06

17Cs 2.60e-06

2M240Pu 2.40e-07

Source: Henderson, C. Personal Communcation. Jacobs Engineering Group, Kennewick, WA. September 1995.



Table D.72 Atmospheric Transport Parameters for
No Action Alternative, Capsules

WESF Operations

Stack height in m (ft) 21 (69)

Stack radius in m (ft) 0.53 (1.6)

Stack flow rate in m3/s (ft/s) 9.2 (325)

Stack temperature in *C (F) 20 (68)

Noninvolved worker MEl location in 200 (656)
m ESE (ft)

Public MEI location in km ESE (mi) 22 (14)

ChVQ for noninvolved worker - 3.70e-04
population in s/rm

Ch/Q for noninvolved worker - MEI 5.4e-07
in s/r

ChVQ for general public - 1.70e-03
population in s/m

Chi/Q for general public - ME in 3.40e-08
s/p M4



Table D.73 Summary of Anticipated Radiological Exposure
for Capsule Alternatives

Receptor No Action Onsite Dry Overpack and Vitrify with
(10-yr) Storage Ship (19-yr) Tank Waste

(19-yr) (19-yr)

Noninvolved Worker - 1.3E-04 2.5E-04 2.5E-04 2.5E-04
Population in Person-
Rem

Noninvolved Worker - 1.9E-07 3.6E-07 3.6E-07 3.6E-07
MEl in Rem

General Public - 6.3E-04 1.2E-03 1.2E-03 1.2E-03
Population in Person-
Rem

General Public - 1.3E-08 2.5E-08 2.5E-08 2.5E-08
MEI in Rem

Table D.74 Summary of Anticipated Risk
for No Action Alternative, Capsules

Receptor Combined Dose LCF Risk

Noninvolved Worker - 1.3E-04 person-
Population rem

Noninvolved Worker - MEI 1.9E-07 rem

General Public - Population 6.3E-04 person-
rem

General Public - 1.3E-08 rem
MEI



Table D.75 Summary of Anticipated Risk
for Onsite Dry Storage Alternative, Tank Waste

Receptor Combined Dose LCF Risk

Noninvolved Worker - 2.5E-04 person-rem
Population

Noninvolved Worker - MEl 3.6E-07 rem

General Public - Population 1.2E-03 person-rem_

General Public - 2.5E-08 rem
MEl



Table D.76 Summary of Anticipated Risk
for Overpack and Ship Alternative, Capsules

Receptor Combined Dose LCF Risk

Noninvolved Worker - 2.5E-04 person-rem
Population

Noninvolved Worker - MEl 3.6E-07 rem

General Public - Population 1.2E-03 person-rem

General Public - 2.5E-08 rem
MEl



Table D.79 Summary of Anticipated Risk
for Vitrify with Tank Waste Alternative, Capsules

Receptor Combined Dose LCF Risk

Noninvolved Worker - 2.5E-04 person-rem
Population

Noninvolved Worker - MEI 3.6E-07 rem

General Public - Population 1.2E-03 person-rem

General Public - 2.5E-08 rem
MEI



p0-9-95

2.0 Long Term 4.0 In Situ Gravel and
Alternative 1.0 No Action Managment 3.0 In Situ Vitrification Rf

Worker MEl Public MEl Worker MEl Public MEl Worker MEl Public MEl Worker MEl Public MEl

Worker MEl Public MEl Worker MEl Public MEl Worker MEl Public MEl Worker MEl Public MEl

Construction NOT APPLICABLE NO EMISSIONS NO EMISSIONS NO EMISSIONS

Continued Operations 100 m ESE 22km ESE 100 m ESE 22 km ESE 100 m ESE 22 km ESE 100 m ESE 22km ESE
-Monitor SSTs, DSTs, and MUSTs
-Operate 242A Evaporator 200 m ESE 22 km ESE 200 m ESE 22 km ESE 200 m ESE 22 km ESE 200 m ESE 22 km ESE

Retrieval N0T APPLICABLE 1 _- - m ESE 22 k m 52 NOT APPLICABLE NOT APPLICABLE
Evaporate DSTS -a) NOT APPLICABLE 200 m EE2 22 km ESE 200 m SE 22 km ESE 200 m ESE 22 km ESE
SeparatIons _-_-_ NOT APPLICABLE NOT APPLICABLE N OT APPLICABLE _-_-NOT APPLICABLE
Vitrify Tank Waste NOT APPLICABLE NOT APPLICABLE 300 m ESE 22 km ESE NOT APPLICABLE
(or Gravel Fill for At4) _U_ mESE22_kmnESE
Prcess Capie-s NOTAPPLICABLE_ NOTAPPLICABLE NOT APPLICABLE _--_- NOT APPLICABLE
Storae aQ n d Djisposa _ _ NOTAPPLICABLE NOTAPPLICABLE NO_ EMISSIONS NO EMISSIONS
Monitoring and Maintenance NOT APPLICABLE NOT APPLICABLE NO EMISSIONS NO EMISSIONS
Post Rem edict ion
Closure NOT APPLICABLE NOT AFPPLCiE NO EMISSIONS NO EMISSIONS
Monitoring of Final Waste Form NOTAPPLICABLE NOT APPLIABL- NO EMISSIONS NO EMISSIONS

Title: Location of MEI Page 1 locationxIs



'0-9-95

Title: Location of MEI

Alternative 6.0 Selective Retrieval 7.0 Extensive Retfieval 8.0 No Separations 9.0 Extensive Separations

Worker MEl Public MEI Worker MEI Public MEI Worker MEI Public ME Worker MEI Public MEI

Worker MEI Public MEl Worker MEI Public MEl Worker MEl Public MEI Worker MEl Public MEI

Construction NO EMISSIONS NO EMISSIONS NO EMISSIONS NO EMISSIONS

Continud pr--tns --------- 1 LnESE 22kmESE 100mESE 22kmESE Ic m ESE 22krESE 1WmESE 22kmESE
-Monitor SSTs, DSTs, and MUSTs
-Operate 242A Evaporator 200 m ESE 22 km ESE 200 m ESE 22 km ESE 200 m ESE 22 km ESE 200 m ESE 22 km ESE

ev ---------------- 10m E 22kmESE_ I00 lmESE 22 kmESE mESE 2 2knESE 1 mISE 2 kmESE
Evajporate DSTS (a) 200 mESE 22 km ESE_ NOT APPLICABLE _ NOT APPLICABLE NOT APPLICABLE
Searations INCLUDEDINVRFICA INCLUDED IN VITRlFlA NOT APPLICABLE_ _ INCLUDED INVTlFICATO
Vitrify Tank Waste 800rm ESE 22_km ESE 800 m ESE 22 km ESE 800 m ESE 22 km ESE 800 m ESE 22 km ESE

(or Gravel Fill for AIt4) I nESE_22_k m ESE_
ProcessCapsules _-_--_--_--_ NOT _APPLICA.BL E NTALC _ NT APPLICABLE NOT _APPLICABLE

S.aQeandDisposal NO EMISSIONS NO EMISSIONS NO EMISSIONS NO EMISSIONS
Monitoring and Malntenance NO EMISSIONS NO EMISSIONS NO EMISSIONS NO EMISSIONS
Post Remedotlon
Closure N ___ _OEMISSIONS NO EMISSIONS NO_-- EMISSIONS N__ EMISSIONS
Monitoring of Final Waste Form NO EMISSIONS NO EMISSIONS NO EMISSIONS NO EMISSIONS

Page 2 location.xis



10-9-95

Title: Location of MEI

12.0 Capsule-
Alternative 10.0 Capsule-No Action 11. Capsule-Onslte Overpack 13.0 Capsule-Vikify

Worker MEl Public MEl Worker MEl Public ME! Worker MEl Public MEl Worker MEl Public MEl

Worker MEI Public MEI Worker MEl Public MEl Worker MEI Public MEI Worker MEl Public MEI

Construction NOT APPLICABLE NO EMISSIONS NOT APPLICABLE NO EMISSIONS

Continued Operations NOT APPLICABLE NOT APPLICABLE NOT APPLICABLE NOT APPLICABLE
-Monitor SSTs, DSTs, and MUSTs
-Operate 242A Evaporator NOT APPLICABLE NOT APPLICABLE NOT APPLICABLE NOT APPLICABLE

----------------------------------------- R P G~f------i(fFR C_ RiIL___-E ------ TAPLCA6-----
Retreval NOT APPLICABLE NOT APPLICABLE NOT APPLILE NOT APPLICABLE

---------------------------------.-----------------------------Evaporate DSTS_(a) NOT APPLICABLE NOTAPPLICABLE_ NOT APPLICABLE_ NOTAPPLICABLE
Seprations OT A L NTAPPLICALE NOTPPLCABLE__ NOTPAFB_
Vitrify Tank Waste NOT APPLICABLE NOT APPLICABLE NOT APPLICABLE NOT APPLICABLE
(o!rrave!llfor Alt4)
ProcessCapsules 2_ESE_22_kn ENO 2ALESE_22_kmESE _2_ ESE 22 _ mESE 2I- mSE_22_krES

MonitorIng and MaIntenance NOT APPLICABLE NOT APPLICABLE NOT APPLICABLE NOT APPLICABLE

Closure NOT APPLICABLE NO EMISSIONS NOT APPLICABLE NOT APPLICABLE
Monitoring~of inal Waste Form NOT APPLICABL NOEMISSIONS~ - NOTAPP.IC~ABLE NO~T~APPLIABLE

Page 3 location.xls



PLALS

phased Implementation 1 |
| x2.8 per yr x2.8 per yr

am241 3.26E-06 9.13E-06 9.13E-07 1.44E-03 4.03E-03 4.03E-04
c14 4.mOE+02 1.12E+03 1.12E+02 4.20E+02 1.18E+03 1.18E+02
cs137 1.87E-02 5.24E-02 5.24E-03 1.04E+00 2.91E+00 2.91E-01
pu239/240 7.90E-07 2.21E-06 2.21E-07 1.58E-03 4.42E-03 4.42E-04
sr9O 7.20E-04 2.02E-03 2.02E-04 1.60E+00 4.48E+00 4.48E-01
tc99 9.83E-06 2.75E-05 2.75E-061 9.9SE-05 2.77E-04 2.E-05
at 100% capacity I I j 1 11

Page 1



Sheei

phased implementation | |
jx2.8 per yr x2.8 per yr

am241 3.26E-06 9.13E-06 9.13E-07 1.44E-03 4.03E-03 4.03E-04
c14 4.XDE+02 1.12E+03 1.12E+02 4.20E+02 1.18E+03 1.18E+02
cs137 1.87E-02 5.24E-02 5.24E-03 1.04E+00 2.91E+00 2.91E-01
pu239/240 7.90E-07 2.21E-06 2.21E-07 1.58E-03 4.42E-03 4.42E-04
sr9O 7.20E-04 2.02E-03 2.022-04 1.60E+00 4.48E+00 4.8-01
tc99 9.83E-06 2.75E-05 2.752-06 99E-051 2.7#E-04 2.79E-05
at 100% capacity I 1 1 .| 1 1

2
.4/, t~

3)

20

r C-A.

Page 1
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242-A EVAPORATOR EMISSION
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Current Emissions/EMIT.XLS

Tank Farm Emissions From Current Operations
242A 6 Source Emissions Roll-UP Avg Exit Velocity 37.8 (ft/sec) Area 9.62 (sq. ft)
Active Ventilation Avg Exit Teiperature 117 (F) Height 22 (ft)

Operating release
Continuous Ops Periodic Ops Periodic Ops Continuous Concentration

Emissions Potential (tons4yr) Actual (tons4'r) Actual (kg/hr) Actual (kg/hr) g/mA3 Area (ft2  Velocity (ft/s)
2-Hexanone 3.80E-04 -2.88E-05 2.98E-06 3.94E-05 1.06E-06 9.62 37.8
Acetone 1.06E-01 7.98E-03 8.27E-04 1.10E-02 2.97E-04 9.62 37.8
Methyl Isobutyl Ketone 7.25E-03 5.44E-04 5.64E-05 7.51E-04 2.03E-05 9.62 ___ .8
N-Butyl Alcohol 8.00E-01 6.00E-02 6.22E-03 8.29E-02 2.24E-03 9.62 37.8 _

Ammonia 1.00E-01 7.51E-03 7.78E-04 1.04E-02 2.80E-04 9.62 37.8
CI/yr Ci/yr Ci/hr grams/mA3

Total Alpha (Ci) (Pu) 1.41E-04 2.10E-05 1.61E-08 7.00E-12 9.62 -37.8
Total Beta (Ci) (Sr-90) 8.04E-05 1.20E-05 9.18E-09 1.78E-15 9.62 37.8
note: total alpha and beta taken from WH-S-WM-EV- 9 and are from 1 87 evaporator operations (11 MM gal run, Capacity=73.6 MM gayr so continuous ops =6.7 times periodic)
note: evaporator emissions are the sum of the building v ntilation and the v sel vent systems which each have a stack. The shorter stack was chosen as the release point for all emissions.
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Table D.65 Anmospheric Radiological Operating Esissions for Treatment, No Separation Subalternative

Radionuclide Air Release (Cllyear)

Am-241 5.3E-03 7
C-14 _

Cs-137 1.8E+00

1-129 3.6E+OO

Pu-239 1.2E-03

Ru-106 8.3E-07

Sm-15l 2.5E-02

ST-90 2.5E+00

Tc-99 1.5E-03

Zr-93 l.4E-02
Notes:
' Source: (WHC 1994a).

Workers
The exposure rate would be the same as those described in Section D.2.2.3.

Non Involved Workers and General Public
Atmospheric emissions from storage and disposal operations would be negligible compared to
emissions from the other two major actions. For purposes of this assessment, the storage and disposal
source term for both the non involved worker and general public was assumed to be zero.

D.4.4.6.2 Trasp=
The transport methodology was previously discussed in Table D.36. The following sections discuss the
transport analysis performed for each major category of activity.

Retrieval and Transfer
Because the source term for retrieval and transfer operations was the same as the Extensive Retrieval
(Ex Situ Vitrification) alternative a separate air transport modeling analysis was not required.
Modeling results for the Extensive Retrieval (Ex Situ Vitrification) alternative (Section D.4.4.2. 1) also
apply to the No Separation subalternative.

Treatment
The source term for treatment (immobilization) operations under the No Separations subalternative
would differ from the Extensive Retrieval (Ex Situ Vitrification) alternative, and thus a separate air
transport analysis was required. Input parameters (other than source term) and modeling conditions
(i.e., meteorological data, stack parameters, effluent temperature) used for this analysis were the same
as for the Extensive Retrieval (Ex Situ Vitrification) alternative (Section D.4.4.2.2). Following are the
results of the air transport analysis for the MEIs population weighted cases.

pdebicsopnd~pved.8)4 D-123 PtUIISIO"AIDAIm or RkmSS

tI

-F

-1



EMISSIONS

Tanks or Farm Single Shell 200 east Single Shell 200 west _

Emissions (tons/yr) Potential Actual Potential Actual TPotential TActual
Carbon Monoxide 3.63E-02 3.62E-02 5.13E-02 5.13E-02 8.76E-02 8.76E-02
Nitrogen Oxide 2.48E-03 2.24E-03 3.14E-03 3.14E-03 5.62E-03 5.39E-03
1,3-Butadiene 1.58E-04 1.57E-04 2.23E-04 2.23E-04 3.81 E-04 3.80E-04
2-Hexanone 2.87E-03 2.87E-03 4.05E-03 4.05E-03 6.92E-03 6.92E-03
2-Pentanone 4.56E-03 4.52E-03 6.42E-03 6.42E-03 1.10E-02 1.09E-02
Acetone 5.47E-02 5.47E-02 7.72E-02 7.72E-02 1.32E-01 1.32E-01
Acetonitrile 2.63E-02 2.63E-02 3.72E-02 3.72E-02 6.35E-02 6.35E-02
Benzene 1.25E-03 1.25E-03 2.45E-03 2.45E-03 3.70E-03 3.70E-03
Heptane 3.22E-03 3.22E-03 4.53E-03 4.53E-03 7.75E-03 7.75E-03
Methyl N-Amyl Ketone 3.11 E-03 3.11 E-03 4.39E-03 4.39E-03 7.49E-03 7.49E-03
N-Hexane 3.37E-03 3.37E-03 4.73E-03 4.73E-03 8.10E-03 8.10E-03
Nonane 1.75E-03 1.75E-03 2.46E-03 2.46E-03 4.21E-03 4.21 E-03
Octane 1.83E-03 1.83E-03 2.58E-03 2.58E-03 4.42E-03 4.42E-03
Toluene 2.58E-04 2.58E-04 3.54E-04 3.54E-04 6.12E-04 6.12E04
Americium-241 Ci/yr 1.49E-06 | 1.96E-06 -3.45E-06
Cesium-137 Ci/yr 8.41 E-04 4.17E-07 8.42E-04 3.50E-07 1.68E-03 7.67E-07
Plutonium-239 Ci/yr 2.11 E-06 1.04E-06 3.15E-06
Strontium-090 Ci/yr 8.87E-03 4.42E-06 1.28E-02| 5.10E-06 2.17E-02 9.52E-06,
Ammonia 2.61 E-01 2.61 E-01 3.61E-01 3.61E-01 6.22E-01 6.22E-01
Phosphoric Acid, Tributyil 6.57E-03 6.57E-03 1.23E-02 9.33E-03 1.88E-02 1.59E-02
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GRAVELFIL

10/13/951
Si 13i 'sq 5( ol S1 I ?I 5S'/
Tank Emissions In Ci/yl r DSTs SSTs

SY (a) AN AP AW AYAZ Other SX (a) Total
Total Alpha 8.10E-09 1.50E-08 5.70E-09 2.88E-05
Total Beta 7.00E-07 9.10E-08 7.91E-07
Sr-90 I I 1.20E-07 6.60E-08 1.60E-071 8.20E-06 9.52E-06 1.81E-05
Cs-137 I I 2.80E-081 5.30E-05 I 7.67E-071 1 5.38E-05
1-129 1 4.60E-05 I I I. 4.60E-05
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R EMISSIONS

Tan a missions From Curren Operat
24A6Suc msin olU g
Active Ventilation

kI E

Exit Velocity 37.8 (ft/sec) Area 9.62 (sq. it)
Avg Exit Temperature 117(F)_

Continuous Ops Periodic Ops Periodic Ops

Height 22](t)

Continuous
Qperating release
Cn rnt ratin

Emissions Potential (tonstyr) Actual (tons/yr) Actual (kg/hr) Actual (kg/hr) g/mA3 Area((t) Velocity (O/
2-Hexanone 3.80E-04 2.88E-05 2.98E-06 3.94E-05 1.06E-06 9.62 37.8
Acetone 1.062-01 7.98E-03 8.27E-04 1.10E-02 2.972-04 962 3 7.8
Methyl Isobutyl Ketone 7.25E-03 5.44E-04 5.64E-05 7.51 E-04 2.03E-05 9.62 37.8
N-uItyl Alcohol
Ammonia

Total Alpha (Ci) (Pu)
CI/yr

8.00E-01
1.00E-01

C/yr
1.41E-04

6.OOE-02
7.51E-03

2.10E-05

6.22E-03
7.78E-04

8.29E -02
1.04E-02
1~~~~-O

2.24E-03
2.80E-04

grams/MA3
7 AAE-12

Total Beta (CI)Sr-90) 8.04E-05 1.20E-05 9.18-09 1. 78E-15
note: total alpha and beta taken from WHC-SLJ WM-EV-099 and a e from 1987 evaporator operations (11 MM gal run, Capaclty=73.6 MM gal/yr so continuous ops =6.7 ines peilotic)
note: evaporator emissions are the sum of the ulding ventlatlon abid the vessel vent systems which each have a stack. The shorter stack was chosen as the release point for all emissions,

5P2 L 4,
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Capsules No Action Emissons

, 3 I

woAzr

WESF Continued Operations Emissions
Stack Height = 70 feet (was 75 ft. in prior communications) - , 1
Stack diameter= 3.5 feet
Stack exit velocity 33.4 ft/sec .rt/.
Stack gas temperature = 20 degrees C Iy
Volumetric Flow rate 9.17 cubic meters /sec
Releases occur 365 days/yr, 24 hrs/day
Stack coordinates = N136433 , E573361

Isotope Annual Emission Average Concentration
Ci/r uCi/ml

Sr-90 5.10E-46 1.74E-14

Cs-137 2.60E-06 8.70E-15
Pu-239/240 2.40E-07 8.00E-16
Total Beta 4.70E-09 7.70E-14

Based on 1994 Emissions , Emissions assumed to be the same for 1997-2006

WESFOPS.XLSSheetlPage I9128/95
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GRAVELFIL

Page 1

Emissions for Gravel Fill Operations I
Ci/hr by 10 for 3 days for 22 out of 177 tan

CI/yr
Total Alpha 3.30E-12 3.3E-11 7.91E-10 9.83E-1 1
Total Beta 9.03E-1 1 9.03E-10 2.17E-08 2.69E-09
Sr-90 9.76E-10 9.76E-09 2.34E-07 2.91E-08
Cs-137 6.05E-09 6.05E-08 1.45E-06 1.81E-07
1-129 5.25E-09 5.25E-08 1.26E-06 1.57E-07

10/13/95 - _
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GRA\tL.FIL

Si %Q 41 54 1 S 7 1 521 S7/
Tank Emfissons In Clyr DSTs SSTS

I_ SY (a) AN AP AW AYAZ Other SX (a) Total
Total Alpha 8.10E-09 1.50E-08 5.70E-09 2.88E-08
Total Beta 7.OXE-07 __ _ 9.10E-08 7.91E-07
Sr-90 1.20E-071 6.60E-08 1.60E-07 8.20E-06 9.52E-06 1.81E-05
Cs- 137 2.80E-08 5.30E-05 7.67E-07 5.38E-05,

1-129 __4.60E-051 1 4.60E-05

Page 1



46
Table D4.4-6. Atmospheric Radiological Operating Emissions for Treatment,

Extensive Retrieval (Ex Situ Vitrification) Alternative, No Separation Subaltemative.

Radionuclide Air Release (Ci/yr)

Am-241 5.3E-03

C-14 3.8E+02

Cs-137 1.8E+00

1-129 3.6E+00

Pu-239 1.2E-03

Ru-1 06 8.3E-07

Sm-151 2.5E-02

Sr-90 2.5E+00

Tc-99 1.5E-03

Zr-93 1.4E-02

Source: WHC (1994a)

D4.4.5.1.3 Storage and Disposal

Storage and disposal operations would involve interim onsite
shipment to an offsite geologic repository (WHC 1994a). No
onsite. Following are the storage and disposal source terms

storage of treated HLW pending
waste would be disposed of
for each receptor.

Involved Worker

The worst case and nominal case exposures for involved workers performing this operation
are assumed to be 200 mrem/yr and 25 mrem/yr, respectively (Section D2.2.3).

Noninvolved Worker and General Public

As in the main alternative (Section D4.4.1.3.2, Noninvolved Worker and General Public),
atmospheric emissions from storage and disposal operations are expected to be negligible
compared to emissions from the other two major actions (Murray 1995, 1995a). For purposes
of this assessment, the storage and disposal source term for both the noninvolved worker and
general public is assumed to be zero.

D4.4.5.2 Transport

Transport for the no separation subaltemative is analyzed with the aid of the computer code
GENII using the same air transport modeling approach used for the main alternative (Section

Page 1.17
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WHC-SD-WM-EV-100 Rev. 0 b.

Table 9-3. Operating Personnel Requirements (Staff Hours)' 2 .

A ~ ~ ~ ~ . E+06MI16' I"
Nonexempt

Radition worker 0
Nonradiation worker 3.3 E+06

Exempt
Radiation worker 8.5 E+06
Nonradiation worker 0

Bargaining Unit
Radiation worker 2.1 E+07
Nonradiation worker 0 -

Total Staff Hours 3.3 E+07

Notes:

'All exempt and bargaining unit employees are assumed to be radiation workers. All nonexempt
employees am nonradiation workers.

Includes staffing for start-up, decontamination and decommissioning, and monitoring and
matne

For additional information, see Appendix F, and also Jansen, G., 1995, Badup Ifonnationfor
Data Tables in ExUnsive Separations Alternative Engineering Data Padage,
WHC-SD-WM-DP-129, Rev. 0, Westinghouse Hanford Company, Richiand, Washington.

(
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WHC-SD-WM-EV-103 Rev. 0
44l)l -StE

Table 6 -2. Unit Process: Operating Personnel Requirements (Staff Hou-s)
(Boomer et al. 1994).

Un~V~ iit Pracess ' tNo.Separation

Pumping and sluicing

Hydraulic retrieval *

Sludge wash 0

Cesium removal 0

Other radionuclide removal 0

Low-level waste vitrification 0

Low-level waste disposal 0

High-level waste vitrification 1.97E7'

High-level waste transportation and disposal *

Emptied single-shell tank closure *

Emptied double-shell tank closure *

Total (Staff hours) 1.97E7'

Notes:

*Data is outside the scope of this document.

'Total operating personnel are accounted from hot operations, startup, and decontamination and
decommissioning.

Hot operations
(620 persons) (1812 hours/year)(14 years) = 1.57E7 hours

Startup
(620 persons)(1812 hours/year)(2 years) = 2.25E6 hours

Decontamination and decommissioning
(620 persons)(1812 hours/year)(1.5 years) = 1.69E6 hours

Total - 1.97E7 hours

For additional backup information. see Appendix B.

Boomer, K. D., J. M. Colby, T. W. Crawford, J. S. Garfield, J. D. Galbraith, C. E. Golberg,
C. E. Leach. D. E. Mitchell, F. D. Nankani, B. J. Slaathaug, L. M. Swanson, T. L. Waldo and
C. M. Winkler, 1994, Tank Waste Remediation System Faciliry Configuration Study,
WHC-SD-WM-ES-295, Rev. 0. Westinghouse Hanford Company, Richland, Washington.

6-4



WHC-SD-WM-EV-103 Rev. 0

Table 6-3. Operating Personnel Requirements (Staff Hours).

___________________________ne___ No Septatint9

Nonexempt
Radiation worker 0
Nonradiation worker 1.70E6 2

Exempt + BU
Radiation worker 1.58E73
Nonradiation worker 2.06E64

Total (Staff hours) 1.96E7

.Notes:

Bu = bargaining unit.

'Assumes all exempt and bargaining unit personnel are radiation workers and all nonexempt personnel
are nonradiation workers. (Except during startup which assumes all personnel are nonradiation
workers.)

2Nonexempt nonradiation workers

Hot operations
(53 nonexempt)(1812-hours/year)(14 years) = 1.36E6 hours

Startup
(53 nonexempt)(1812 hours/year)(2 years) = 1.92E5 hours

Decontamination and decommissioninn
(53 nonexempt)(1812 hours/year)(1.5 years) = 1.44E5 hours

'Exempt and bargaining unit radiation workers:

Hot operations
(227 E + 338 BU)(1812 hours/year)(14 years) = 1.43E7 hours'

Decontamination and decommissioning
(227 E + 338 BU)(1812 hourslyear)(1.5 years) 1.54E6 hours

'Exempt and bargaining unit nonradiation workers:

Startuo
(227 E + 338 BU)(1812 hours/year)(2 years) = 2.06E6 hours

For additional backup information. see Appendix B.

..V
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WHC-SD-WM-EV-103 Rev. 0

Table~6-14. ~ Monitoring -arid Mainteriandd~Persbnnel Re4uirements (Staff Hours)'.

pera Personnel N Sea io

Nonexempt
Radiation worker 8.70E5 2

Nonradiation worker 1.09E95

Exempt
Radiation worker 1.09E54

Nonradiation worker 0

Total Staff Hours 1.09E6

Notes:

'Assumes that 10 people will monitor the high-level storage casks that are stored temporarily for 42 years
on Hanford Site. Monitoring and maintenance is defined as oversight of the high-level waste storage
casks located on the onsite interim storage pads awaiting shipment to Yucca Mountain for final disposal.

28 persons x 1812 hours per year x 60 years = 8.70E5 hours.

11 person x 1812 hours per year x 60 years = 1.09E5 hours.

'I person x 1812 hours per year x 60 years = 1.09E5 hours. 6-

C
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WHC-SD-WM-DP-087 Rev. 0

Table 4-5. Personnel Requirements for Each Disposal Mode: Operational Phase
for Cesium and Strontium Capsules (worker years)'.

Notes:

Surveillance of the Drywell Storage Facility under the No Action option includes 440
worker years of radiation personnel and 87 worker years for nonradiation personnel.

'Worker years are evenly distributed over the operating periods shown in Figure 3-2.

'Worker years are evenly distributed over the operating periods shown in Figure 3-7.

3Worker years are evenly distributed over the operating periods shown in Figure 3-4.

*Total equals barrier values plus continued storage values except land.

'Resource usage, costs, and personnel requirements for the vitrification and disposal
option.

Under this alternative, the contents of the cesium and strontium capsules are sent to an
.existing vitrification plant for processing. The mass requiring vitrification from the
cesium and strontium capsules is less than 1% of the tank materials that require
vitrification. Therefore, the processing of the capsule contents does not impose any
significant additional resource (both usage and personnel) requirements on the vitrification
plant. Thus no separate estimate of impacts is provided.

4-6

Radiation 140 - 140 77
Nonradiation 54 - 54 34

Storage/disposal

Radiation 700 - 260 65
Nonradiation 190 - 100 25

Transport

Radiation - - - -

Nonradiation - -

Total

Radiation 840 - 400 142
Nonradiation 240 - 150 . 59



WHC-SD-WM-EV-099 Rev. 0

Table 5-2. Operating Personnel Requirements
(Staff-Hours) by Unit Operation'.

OM"k
Tank farm operations 159,000,000
Evaporator operations r 5,000,000

Total (staff hours) 164,000,000

Notes:

'See Table 5-3 for basis of estimate of staffing. Based on the TWRS multi-year program plan,
evaporator operations are estimated at 1, staff years through.2007, plus 1.240 staff years for
IQ~years of evaporation campaigns for retasking. The breakdown by worker category as shown in
Table 5-3 is assumed to apply in equal proportions to the two unit processes listed in Table 5-2.
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WHC-SD-WM-EV-099 Rev. 0

Table 5-3. Operating Personnel Requirements (Staff-Hours).

Nonexempt
Radiation worker 72,000,000
Nonradiation worker 15,000,000

Exempt
Radiation worker 15,000,000
Nonradiation worker 61,000,000

Total (staff-hours) 164,000,000

Notes:

'The operating staff in this table refer to the monitoring and maintaining of the tank farms and
operation of the evaporator. The values are based on estimated staffing levels for tank farms
operations and maintenance (excluding SST stabilization) from the 1995 TWRS multi-year program
plan (extrapolated for 100 years). Breakdown of this overall staffing into the personnel categories
indicated is based on current staffing. Twenty percent of current exempt staff are radiation workers.
Non-exempt bargaining unit personnel are assumed to be radiation workers. Other non-exempt
personnel are assumed to be nonradiation workers. Staffing head count is converted to staff hours at
the rate of 1,812 hours per person per year.

5-5



WHC-SD-WM-EV-099 Rev. 0

Table 5-8. Construction Personnel Requirements (Staff-Hours) by Unit Process.

New double-shell tanks and evaporator' 7.5 x 10'

Notes:

'Construction personnel requirements were factored from the Z1tLe IDesign Report Snmmry Report,
Mukti-Fundion Wate Tank Facility Project W-236A, (KEHC 1994) with additions made for the
evaporator and piping connections. The entry reflects retanking the waste twice.

KEHC, 1994, Title I Daign Sumniwy Report, MulI-Fundion Wate Tank Facility Prwject W-236A,
WHC-SD-W236A-RPT-002, CR-9996, Vol. 1, Kaiser Engineers Hanford Company, Richland,
Washington.

5-12



WHC-SD-WM-EV-104 Rev. 0

N

Table 9-2. Unit Process: Operating Personnel Requirements (Staff-Hours).

T-WyA ee

UI r
Sludge wash 2.3E+6
Cesium removal 5.OE+6

Other radionuclide removal n/a
ILow-level waste vitrification 1.IE+7
Low-level waste disposal 2.8E+5
High-level waste vitrification. 1.1E+7
High-level waste transportation/disposal 6.2E+5
Total 3.1E+7 r

Notes:

'Includes staffing for start-up, decontamination and decommissioning, and monitoring and
maintenance.

4% A0 LVA
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WHC-SD-WM-EV-104 Rev. 0

Table 9-3. Operating Personnel Requirements (Staff-Hours)'.

Operatini~ Pesonl2-Prefe=e Alternat Ove

Nonexempt
Radiation worker 0
Nonradiation worker 3.8E+6

Exempt
Radiation worker 2.7E+7
Nonradiation worker 0

Total Staff Hours 3.IE+7

Notes:

* 'All exempt and bargaining unit employees are assumed to
nonexempt employees are nonradiation workers.

be radiation workers. All

'Includes staffing for start-up, decontamination and decommissioning, and monitoring and
maintenance. -

N,'-

9-6
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WHC-SD-WM-EV-104 Rev. 0

N
I

/

Engineering judgement set the
separations (see number 2 above).

'Engineering judgement set the
separations (see number 2 above).

sludge wash staff hours equal to 10% of the total staff hours for

cesium removal staff hours equal to 90% of the total staff hours for

9-15

Table 9-8. Unit Process: Construction Personnel Requirements. (Staff-Hours)1

UnIt prcess' Nofe- AWINaiv

Sludge washl- 4.4E+5

Cesium removal'- 4.OE+6

Centralized facilities 6.OE+6
Low-level waste vitrification 1.3E+7

Low-level waste disposal 0

High-level waste vitrification 1.6E+7

High-level waste transportation 0

High-level waste disposal 0
Total 4.OE+7

Notes:

'Backup in Appendix F contains staff hours for pretreatment/low-level waste (LLW) combined. To
separate sludge wash and cesium removal from LLW vitrification other cost estimates were employed.
Cost estimates were found for a detached pretreatment facility and a detached LLW facility (these are
contained in Appendix F). The staff hours for each were taken and added together. This total was then
divided into each staff hour value separately. The calculation was as follows:

Detached Separations - Total staff hours = 1.463,389
Detached LLW - Total staff hours = 4,704,549

Total 6,167,938

% separations = 1,463,389/6,167,938 = 0.237 => Value used is 25 %
Therefore % LLW - 75%



WHC-SD-WM-EV-104 Rev. 0

Table 9-9. Construction Personnel Requirements. (Staff-Hours)

Design and engineering l.OE+7

Construction'
Radiation worker 0
Nonradiation worker 2.4E+7

Supervisory2 5.6E+6

Total 4.OE+7

Notes:

'Staff hours equal to summation of staff hours calculated for equipment/facility
installation and subcontract in backup. All construction staff hours are assumed to be
for nonradiation work.

'Staff hours equal to summation of staff hours calculated for construction and
project management.

V
9-16



wnaC-bU-WM-tV-1UI Rev. U

Table 7-2. Comparison of Alternatives by Unit Process:
Operating Personnel Requirements (Staff-Hours).'

K~n; tu Chms-a CDry _n__el :G-itA-
Jiilt Proces iawbizizatiz - _ -N hiag

E NE BU F, E M B F M BU
Startup2  1.2E6 5.7E5 2.8E6 fE5 &E5 1.2E6 7.2E5 1.6E6
Double-shell tank 5.3E5 5.4E5 0 5.3E5 5.4E5 0 5.3E5 5.4E5 0
evaporation3

Confinement facility' 8.7E5 3.0E5 2.5E6 - - - - --

Grout mixing 1.3E5 5.4E4 3.3E ----

Vitrification' - - 2.6E6 1.2E6 4.0E6
Radio frequency
drying7  -- - - 4

Gravel fill' -- - - - . -E- -1-5.1E - 7 ---

Decontamination and -- t / ' Z7
decommissioning" 1.2E6 5.7E5 ..8E6 E5 E5 1.2E6 7.2E5 1.6E6
Total staff-hours'0 3.9E6 2.0E6 S.4E6 }E6 -2E6 2r9E6 5.5E6 3.2E6 7.2E6

Notes:
1, _. 66,r-7e*5rS

1 worker year - 1812 staff hours, according to Westinghouse Hanford Company Fiscal Year 1995
planning rate. Staff hours associated with TWRS program management, tank farm operations and
maintenance characterization, tank farm upgrades, and tank farm safety am not included in this table.

2Startup - 3 years (2003-2008)
tst year at 1/3 operating staff
2nd year at 2/3 operating staff
3rd year at full operating staff
- 2 years full operating staff.

'Previous 242-A operation was used as a basis.
242-A operating life = 5 years (2000-2005)
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Table 7-3. Comparison of Alternatives by Operating Personnel Requirements
(Staff-Hours).'

Exempt
Radiation worker 2.4 E6 9.5 E5 3.6 E6

Nonradiation worker 1.6 E6 1.0 E6 2.2 E6

NonExempt
Radiation worker 1.2 E6 9.5 E5 1.7 E6

Nonradiation worker 8.2 E5 3.0 E5 1.4 E6

Bargaining Units
Radiation worker 8.4 E6 2.8 E6 7.2 E6

Nonradiation worker 0 0 0

Total Staff-Hours' 1.4 E7 -60-E6 1.6 E7

Sof!Z&
Notes:

'Values are total quantities for facility operating
decont-mination and decommissioning.

life, including startup and

I worker-year - 1812 staff-hours, according to Westinghouse Hanford Company Fiscal
Year 1995 planning rate.

Startup - 2 years bperating staff (see Table 7-2)
242-A operating life = 5 years
In Situ Chemical Stabilization (ISCS) (Tank Farm Confinement Facility [TFCF]
grout mixing) operating life - 2 years
Radio frequency drying operating life = 9 years
Gravel fill operating life = 4 years
In Situ Vitrification (ISV) operating life = 5 years
Decontamination and decommissioning = 2 years operating staff (see Table 7-2)

.7-9
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Table 5-1. Comparison of Alternatives by Retrieval and Transfer Unit Process: Operating
Personnel Requirements (Staff-Hours x 104)1.2.3.

D sal > S.tIu Elxtenstves NoTP Poer

Ui Prcs ipst Pretreatme- t .e.-tin 'Aitenative

SST retrieval 0 0 20 20 20
SSTconfinement 0 0 11 11 11
SST waste transfers 0 0 19 19 19
SST subsurface barriers 0 0 4.5 4.5' 4.5
DST retrieval 2.1 0 3.7 2.8 3.7
DST waste transfers 3.4 0 5.8 4.3 5.8
MUST retrieval 0 0 0.4 0.4 0.4
MUST waste transfers 0 0 0.9 0.9 0.9
Total 5.5 0 65 63 65

Notes:
DST
MUST
SST
TPA

double-shell tank
miscellaneous underground storage tank
single-shell tank
Tri-Party Agreement

'Operating personnel (millions of stafflours) estimates were derived from the Tank Waste Technical Options Report,
Appendix F (Boomer et al. 1993).

'See Appendix A, Backup to Table 5-1, Operating Staff Hours.

'Percent distribution of annual staffhours for operations personnel for each alternative are shown in Appendix A,
Backup to Table 5-1, Peak and Annual Average Operations Staffhours. .

Boomer, K. D., et al., 1993, Tank Waste Technical-Options Report, WHC-EP-0616, Rev. 0,
Westinghouse Hanford Company, Richland, Washington.
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'Fable 5-2. Comparison of Alternatives by Operating Personnel Requirements for Retrieval
and Transfer (Staff-Hours x 106)'.

E 1 ensTPA Prefrrre&
Disposal . N Separationsersonnel Disposal Pretreatnfent Aternatie

Nonexempt
Radiation
worker 2.6 0 34 33 34

Nonradiation
worker 0.8 0 12 12 12

Exempt
Radiation
worker 0.7 0 6 5 6

Nonradiation
worker 1.4 0 13 13 13

Total 5.5 0 65 63 65
Notes:

TPA = Tri-Party Agreement

'Operating personnel (millions of staff hours) estimates are
Report, Appendix F (Boomer et al. 1993).

derived from Tank Waste Technical Options

2Appendix A, Backup to Table 5-2, Nonexempt and Exempt Radiation Worker and Nonexempt and Exempt
Nonradiation Worker.

'Annual percent distribution of operating staff hours in each worker category would be as shown in
Appendix A, Backup to Table 5-1 plots for each alternative.

Boomer, K. D., et al., 199, Tank Waste Technical Options Report, WIIC-EP-0616, Rev. 0, Westinghouse Hanford
Company, Richland, Washington.
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Table 5-5. Comparison of Alternatives by Radiological Operating Emissions for
Retrieval and Transfer (curies). (2 sheets)

.. No. Djspds TPA PAWfered
Radionuclide A&ton - - Ar v

~7<t >~~ Air Water tAf: Wte A& WerAAI wrr Attw2p

241Am 0 0 0 0 0 3 0 3 0 3
14C 0 0 0 0 0 50 0 50 0 50
137Cs .0007 0 0 0 .02 1E4 .02 1E4 .02 114
1291 .001 a a 0 .03 .01 .03 .01 .03 .01
239,240Pu 0 0 0 0 0 13 0 13 0 13
106Ru 0 0 0 0 0 4(-5 0 4E-5 0 4E-5
151Sm 0 0 0 0 0 0 0 0 0 0
90Sr .0001 0 0 0 .003 50 .003 50 .003 50
99Tc 0 0 0 0 0 14 0 14 0 14
93Zr 0(0 0 0 0 0 0 0 0 0
% PM-10 10 0 n/al - 100 - 100 - 1001

NOTES:

TPA = Tri-Party Agreement

The Drqft Environmental hpact Statement for Safe Interim Storage of Hanford Tank Wastes, (DOE-RL 1994), reports prior estimates that operation
of the mixer pump in Tank 101-SY for 4 hours per day, 7 days per week would increase emissions by a factor of 2.5.
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Table 5-6. Comparison of Alternatives by Unit Process for Retrieval and Transfer: Construction
Personnel Requirements (Staff-Hours x 10).

No m
so In Situ .irtensive No T eferredD~isposal ~ r~a 4 .2~ >

Unit Process Dispos
Ac 0

SST retrieval 0 0 6.3 6.3 6.3
SST confinement 0 0 4.3 4.3 4.3
SST waste transfers 0 0 3.0 3.0 3.0
SST subsurface barriers 0 0 2.9 2.9 2.9
DST retrieval 14.2 0 7.1 7.1 7.1
DST waste transfers 0 0 0 0 0
MUST retrieval 0 0 0.3 0.3 0.3
MUST waste transfers 0 0 0.2 0.2 0.2

Note:

DST
MUST
SST
TPA

= double-shell tank
= miscellaneous underground storage lank

single-shell tank
= Tri-Party Agreement

'Construction staffhours are estimated as shown in Appendix A, Backup to Table 5-6, Construction Staff flours.

Ut

0

24.1
I ______________ I _____________________ I

ti:
0

t~!1

Ct

0
Total 1'4.2 0 24.1 24.1


